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PREFACE 

During  the  past  few  years  various  suggestions  for  the 
improved  teaching  of  arithmetic  have  been  made  by  the 
Board  of  Education,  by  committees  of  the  British  Association 
and  the  Mathematical  Association,  and  by  some  pubhc  examin- 
ing bodies.  Though  arithmetic  was  included  in  the  school 
curriculum  chiefly  for  utilitarian  reasons,  the  abuse  of  exam- 
inations led  to  the  introduction  of  tiresome  and  complicated 
calculations  of  no  service  in  practical  life  and  of  little  educa- 
tional value,  These  undesirable  developments  are,  however, 
now  disappearing,  and,  in  common  with  other  mathematical 
subjects,  the  scope,  substance  and  method  of  arithmetic  are 
being  placed  upon  a  more  reasonable  basis. 

In  this  book  an  attempt  has  been  made  to  provide  a  course 
of  work  in  which  the  essential  parts  of  arithmetic  are  dealt 
with  in  the  spirit  of  recent  recommendations.  The  author 
has  endeavoured  to  produce  a  practicable  as  well  as  a  practical 
course  which  mathematical  teachers  may  introduce  without 
any  violent  dislocation  of  existing  practice  and  with  the 
knowledge  that  the  requirements  of  the  chief  examining  bodies, 
which  determine  to  a  large  extent  the  nature  of  the  teaching 
in  schools,  have  not  been  disregarded.  Any  efficient  teaching 
of  arithmetic  must  aim  at  (i)  a  clear  conception  of  units  of 
quantities  involved  in  calculations,  (a)  accuracy,  (3)  quickness 
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in  the  manipulation  of  numbers,  {4)  cultivation  of  the  reason- 
ing faculties.  These  principles  have  determined  the  character 
of  the  exercises  throughout  the  book. 

Among  o(her  distinguishing  features  of  the  volume  may  be 
mentioned : 

(i)  Decimals  are  introduced  at  an  early  stage  and  before 
vulgar  fractions  are  explained,  with  a  view  to  teach  students  to 
think  in  decimals.  This  introduction  is  effected  by  means  of 
practical  exercises  in  measurement  in  the  Metric  System  and 
by  a  judicious  extension  of  the  idea  of  Place  Value. 

(2)  Practical  measurements  and  other  exercises,  which 
can  be  done  in  ordinary  class  rooms,  are  provided  at  con- 
venient intervals  throughout  the  book  and  are  accompanied 
by  numerous  graphic  exercises,  where  these  are  likely  to  assist 
the  formation  of  correct  ideas.  All  exercises  have  been 
designed  to  provide  material  for  mathematical  deduction, 
and  wilt,  it  is  believed,  convey  sound  notions  of  concrete 
quantities.  These  sections  of  the  book  are  so  arranged, 
however,  that  the  practical  exercises  can  be  omitted  without 
any  loss  of  continuity. 

(3)  The  arithmetical  exercises  illustrate  in  most  cases 
actual  calculations  met  with  tn  the  experience  of  life.  Easy 
illustrative  and  stimulating  problems  precede  those  which  are 
purely  numerical ;  many  of  the  latter  are  included  to  train  the 
student  to  become  able  to  perform  the  fundamental  operations 
of  arithmetic  in  a  sub-conscious  manner 

(4)  Mental  and  Oral  exercises,  intended  to  introduce  new 
ideas  and  to  stimulate  the  habit  of  ready  calculation,  are 
included  in  each  Section. 

(s)  Early  exercises  work  out  exactly ;  but,  as  the  knowledge 
of  the  student  extends,  approximations  are  introduced,  and  he 
is  led  in  various  ways  to  know  how  to  estimate  the  degree 
of  accuracy  possible  from  the  data  with  which  he  is  provided. 
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In   this  way  approximate  methods  of  working  iead,  not  to 
loose,  but  to  more  accurate  trains  of  thought. 

(6)  Graded  Revision  EKercises  are  inserted  at  various  stages 
of  progress,  and  specimen  Examination  Papers  are  included 
to  show  the  student  what  may  be  expected  of  him  by  public 
examining  bodies. 

(7)  The  practical,  graphic  and  purely  arithmetical  exercises 
are  arranged  on  one  common  and  logical  plan,  with  the  view 
of  giving  a  concrete  and  connected  knowledge  of  numerical 
calculations. 

No  apolc^  is  necessary  for  the  introduciion  of  a  section  on 
averages  and  elementary  statistics;  and  it  is  hoped  that  the 
treatment  of  Stocks  may  make  that  subject  more  real  and 
interesting.  Probably  the  graphic  method  of  calculating 
volumes  and  the  use  of  logarithmic  graphs  have  not  been 
used  in  all  schools ;  some  teachers  will  be  surprised  at  the 
accuracy  of  the  former  and  the  field  of  application  of  both 
methods. 

Part  I.  covers  the  subjects  prescribed  for  the  Oxford  and 
Cambridge  Junior  Local  examinations  in  arithmetic,  and 
other  examinations  of  about  the  same  scope :  the  Second 
Part  will  be  found  to  meet,  not  only  the  requirements  of 
the  more  conservative  examining  bodies,  but  also  those 
of  the  Army,  Civil  Service  and  other  examiners  keenly 
alive  to  (he  change    taking  place  in  mathematical  teaching. 

The  author  wishes  here  to  express  his  thanks  to  the  various 
examining  bodies  which  have  courteously  sanctioned  the  use 
of  their  examination  papers,  and  in  particular  the  Oxford 
Local  Delegates,  the  Cambridge  Local  Syndics,  the  Senates  of 
London  and  Birmingham  Universities,  the  College  of  Pre- 
ceptors, the  London  Chamber  of  Commerce,  and  the  Con- 
troller  of  H.M    Stationery  Office,   in   whom   is  vested  the 
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copyright  of  papers  set  by  the  Civil  Service  Commissioners 
and  the  Board  of  Education. 

It  is  very  difficult  for  the  author  adequately  to  express  his 
gratitude  to  Prof.  R.  A.  Gregory  and  Mr.  A.  -T.  Simmons  for 
the  most  unremitting  care  and  thought  whicli  they  have 
expended  on  the  MSS.  and  proof  sheets  of  this  work ;  while 
he  must  add  that  the  conception  of  the  work  was  theirs  in 
the  first  instance. 

H.  SYDNEY  JONES. 
Cheltenham,  August  190S. 
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A  MODERN  ARITHMETIC 


1.    NOTATION    AND    NUMERATION. 

Axithmetic  is  the  science  treating  of  numbers  and  calcu- 
lations. 
HtunlHrB  are  expressed  by  means  of  certain  signs  or  symbols. 

These  are,  in  the  very  great  majority  of  cases,  figures;  and 
occasionally  the  capital  letters  I,  V,  X,  L,  C,  D,  M  are  used. 
Calculations  are  always  made  with  figures. 

Figures,  or  digits,  i,  2,  3,  4,  5,  6,  7,  8,  9,  represent 
one,  two,  three,  four,  five,  six,  seven,  eight,  nine  units 
respectively. 

The  fact  of  our  figures  being  often  called  digits  (Latin, 
digitus,  a  finger)  suggests  that  no  doubt  the  primitive  way  of 
expressing  numbers  up  to  ten  was  by  means  of  the  fingers 
of  the  two  hands. 

The  letters  which  are  occasionally  used  to  represent  numbers 
are:  M,  a  thousand;  D,  five  hundred;  C,  one  hundred;  L, 
fifty ;  X,  ten ;  V,  five ;  and  I,  one. 

The  basis  of  all  calculation  is  the  unit  i,  one ;  and  since 
there  are  only  the  above  symbols  to  represent  numbers,  it  is 
evident  that  in  order  to  express  numbers  exceeding  9  it  is 
necessary  to  give  a  jdace  value  or  local  value  to  the  digits ; 
that  is  to  make  the  value  of  a  digit  depend  upon  position  as 
well  as  upon  the  symbol 


;dbv  Google 


3  A   MODERN   ARITHMETIC 

Figures  have  two  values  — an  intrinsic  one,  and  a  place  value 
when  arranged  to  form  numbers.  So,  too,  has  the  symbol  I  in 
the  case  of  letters. 

The  symbol  o — naught,  nought,  or  cypher — has  neither  an 
intrinsic  nor  a  place  value,  but  is  introduced  in  expressing  the 
place  value  of  the  other  digits. 

Letters  used  to  represent  numbers  have  no  place  value, 
excepting  I  and  X.  I  or  X,  placed  to  the  left  of  a  symbol, 
signifies  that  the  number  represented  is  s^ri  by  that  amount, 
while,  if  placed  to  the  right,  signifies  that  the  number  repre- 
sented is  greaier  by  the  amount.  Thus  IV,  VI,  VIII,  IX, 
and  XII  represent  severally  4,  6,  8,  9,  12,  etc.     XC  is  90. 

A  figure  in  the  first  place  of  a  number  denotes  so  many 
units,  and  the  same  figure  in  the  second  place  (proceeding 
from  right  to  left)  denotes  10  times  as  many.  Hence,  figures 
in  the  second  place  are  often  called  Tens.  A  figure  in  the 
third  place  represents  ten  times  as  many  as  it  would  in 
the  second  place,  or  a  hundred  times  as  many  as  it  would 
in  the  first  place.  These  third  place  figures  are  called 
Hnndieds.  Similarly,  figures  in  the  fourth  place  are  called 
Thousands ;  in  the  fifth  place.  Tens  of  Thousands ;  in 
the  sixth  place.  Hundreds  of  Thousands.  When  we  come 
to  the  seventh  place  a  figure  there  represents  Millitms.  The 
million  is  often  taken  as  a  new  kind  of  unit,  and  a  repetition 
of  the  former  process  then  occurs.  A  million  millions  is 
called  in  Great  Britain  a  billion,  beyond  which  few  numi^rs 
are  ever  taken.  (In  France  and  the  United  States  a  billion  is 
taken  to  be  one  thousand  millions.) 

The  notation  and  numeration  table  up  to  a  million  would 
then  be  as  on  the  next  page. 

It  will  be  noticed  that  a  figure  in  occupying  places 
successively  one  place  to  the  left  represents  a  value  ten 
times  greater  than  before. 


;dbv  Google 


notation  and  numeration 
Common  Svstem  of  Notation, 


1  J^ 

111 

Numbers  expressed  in 
Woris. 

oil 

=  1   s 

1 

1 

a 

i  = 

E=; 

[5 

K 

1-" 

D 

9  1    Nine. 

1 

o      Ten. 

9 

9 

Ninety  nine. 

1 

o 

o 

One  hundred. 

9 

9 

9 

Nine  hundred  and  nineiy  nine. 

' 

° 

° 

° 

One  thousand. 
/Nine     thousand,     nine     hundred    and 

9 

9 

9 

9 

Ten  thousand. 

9 

9 

9 

9 

9 

r  Ninety  nine    thousand,    nine    hundred 

One  hundred  thousand. 

9 

9 

9 

9 

9 

9 

/Nine  hundred  and  ninety  nine  thousand, 
\     nine  hundred  and  ninety  nine. 

° 

° 

° 

° 

° 

0 

One  million. 

It  is  customary  and  advantageous  to  divide  or  separate  the 
figures  expressing  a  given  number  by  a  comma  into  periods 
of  three,  thtis  3,465,908 

Notation  is  the  method  of  expressing  a  number  given  in 
words  by  means  of  figures,  and  Numeration  is  the  method  of 
writing  a  number  in  words  when  represented  by  figures.  When 
any  value,  as  tens,  thousands,  etc.,  is  not  given,  the  place  is 
supplied  by  Cypher  o.  Thus,  seven  thousand  and  six  would 
be  written  7,006 
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4  A   MODERN   AKITHMETIC 

EXERCISES  L 

1.  Make  a  table  like  that  on  page  3,  and  show  in  it  the 
numbers  (a)  3  million  2  hundred  and  6,  (j)  71  thousand  and 
twenty  five,  (c)  s  hundred  thousand  z  hundred,  (d)  9  thousand 
and  9. 

Express  in  numbers ; 

2.  (dr)  Twenty,  (1*)  twenty  three,  (c)  fifteen,  (rf)  ten,  (e)  eighteen, 
(/)  sixty  two. 

3.  (a)  Eighty  six,  (i)  one  hundred,  (<r)  one  hundred  and  one, 
(li)  one  hundred  and  ten,  (e)  one  hundred  and  eleven. 

4.  (a)  One  hundred  and  twenty  eight,  {d)  one  hundred  and 
eighty  two,  (c)  one  hundred  and  eight,  (i^  one  hundred  and 
eighty. 

B.  (a)  Three  hundred  and  three,  (p)  three  hundred  and  thirty, 
Ic)  three  hundred  and  thirty  three. 

6.  (a)  Two  thousand  and  six,  (i)  six  thousand  and  two,  (£)  six 
thousand  and  twenty,  (rf)  six  thousand  two  hundred. 

7.  (3)  Eight  thousand,  seven  hundred  and  six,  (i)  eight  thousand 
and  seventy  six,  {c)  eight  hundred  and  seventy  six. 

Express  in  words : 

8.  (a)  3,  (i>  8,  {c)  18,  (d)  81,  (f)  2S,  (/)  S2,  iff)  5JO,  (A)  300, 
(i)  3000,  (^l  3005,  (i)  30S0,  (0  3SO0,  («)  S003,  («)  186,  (.J)  168, 
iP)  861,  (?)  816,  (r)  71,  W  701,  W  7001- 


2.   ADDITION. 

Addition  is  the  process  of  finding  one  number,  or  quantity, 
which  is  equivalent  to  two  or  more  numbers  or  quantities.  The 
simple  numbers  which  are  to  be  collected  into  one  are  often 
called  terms,  or  addeniis,  while  the  result  obtained  is  called  the 
Sum,  or.  Total 

In  finding  the  Sum  of  any  number  of  terms  it  is  usual  to 
arrange   them    vertically,  taking   care    that    units    figures  are 
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Th.     H.      T.      U. 

476 

3089 

940 


vertically  under  one  another,  and  so  with  the  tens,  and  other 
digits. 

'E'x.fM.'PUE.^To  find  the  sum  of  ^^6,  3089,  attd  ^40. 
The  numbers  are  arranged. 

The  units  added  up  make  fifteen  (15) 
which  is  1  ten  and  5  units.  The 
five  units  are  placed  in  the  units 
column,  and  the  one  ten  carried  to  the 
tens  column. 

\     ^j      ,     '  The  tens   increased   by   this   i    make 

twenty  tens  (200),  which  is  2  hundreds 
and  o  tens.  The  cypher  o  is  put  in  the  tens  column,  and  the 
2  hundreds  carried  on  to  the  hundreds,  which  become  fifteen 
hundreds,  or  one  (i)  thousand  and  5  hundreds.  Placing  the 
5  under  the  hundreds  and  carrying  the  i  thousand  to  the  3 
thousands  the  total  becomes  4  thousands. 
The  sum  or  total  of  the  3  addends  is  4505- 

It  is  by  no  means  necessary  to  place  the  terms  vertically 
under  one  another.  They  may  be  arranged  horizontally,  and 
then  added  up:  Here  care  has  to  be  taken  that  the  units 
are  added  to  units,  the  tens  to  the  tens,  and  so  on. 

In  the  process  of  addition  the  two  essential  requisites  are 
speed  and  accuracy.  To  ensure  speed  it  is  a  good  practice 
to  go  through  such  exercises  as  the  following.  Start  with  a 
given  number,  say  7,  and  then  continue  to  add  say  3's,  up  to 
any  given  number,  thus  7,  10,  13,  16,  etc.  The  same  may  be 
done  by  adding  on  other  numbers;  continuing  from  a  given 
start,  thus,  6,  and  adding  on  7,  we  obtain  6,  13,  so,  27,  and  so 
on  for  any  number  of  times. 

To  secure  accuracy,  it  is  well  to  add  the  columns  from 
bottom  to  top,  and  then  from  top  to  bottom ;  or,  when  placed 
horizontally,  to  add  the  figures  from  left  to  right  and  then 
from  right  to  left.  If  the  totals  agree  in  each  case,  it  is  very 
likely  that  the  answer  is  correct. 
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Find  the  sums 

of  the  follow 

ing, 

,  checking 

your  r 

esults 

from  bottom  lo  top,  and  then  fi-om 

1  top  to  bottom. 

1.       75 

2. 

963 

3.     541 

4. 

829 

382 

875 

326 

3'4 

971 

3 '4 

71S 

692 

64 

6S 

493 

S08 

28 

8o3 

654 

344 

394 

68 

19 

i8z 





5.  A  woman  has  three  baskets  full  of  eggs ;  one  basket  contains 
22  eggs,  the  second  basket  30  eggs,  and  the  third  basket  contains 
19  eggs  ;  how  many  eggs  are  there  altogether  ? 

6.  In  a  garden  there  are  six  apple  trees,  one  with  107  apples 
on  it,  the  second  with  36  apples  on  it,  the  third  with  76  apples,  the 
fourth  with  52  apples,  the  fifth  with  110  apples  and  the  sixth  with 
82  apples.    How  many  apples  does  the  garden  contain  ? 

7.  There  are  three  bags  of  marbles,  one  containing  26  marbles, 
the  second  57  marbles,  and  the  third  48  marbles ;  how  many 
marbles  are  there  altogether? 

Add: 

8.  26,212,18,77,84.  9.   38,146,372.237,0 
10.   345,  246,  348.                          11.    3'8,  76,  208,  79. 

12.    S92,  685,  23,  82,  71.  13.    734,  72,  83,  174,  536. 

14.   492,218,339,297,355,210.    15.   34,25,36,48,348,19,7. 

16.  207,  316,  450,  38,  27,  34. 

Find  the  totals  of  the  following,  checking  your  results  by  adding 
from  right  to  left  and  from  left  to  right. 

17.  826,  45,  167,  45,  792,  75. 

18.  957.  63.  "4,  770.  845.  64- 

19.  145.  896.  56,  549.  14.  342- 

20.  567,  265,  26,  367,  129,  36,  267,  30- 

21.  589,  742,  180,  246,  352,  70s. 
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EXERCISES   m. 

Express  in  words  the  numbers  represented  by  the  figures  marked 
with  an  asterisk  (*). 

1.   382.          2.    108a.        3.  2161.  4.   818.          5.   756. 

6.   2161.        7.    1623:       8.  1885.  9.    326.        10.   236. 

11.   1832.      12.   183I      13.  1761.  14.   381.       16.   1013. 
16.    lol.        17.    iiS. 

Write  down  the  sum  of  the  numbers  represented  by  the  digits 
marked  with  an  asterisk. 

18.   832s,  2613,  1822,  2764.  19.  8325,  2613,  1822,  2764. 

20.   8002,82,2008,208.  21.  736,817,2926,3184. 

22.   763,568,921,374.  23.  536,230,203,1218. 

24.    536,  230,  203,  1218.  25.  172,  172,  172. 

26.    172,  7*2,  27?.  27.  172,  712,  7^2. 

Use  of  Signs. 
The  symbol  +  (pins)  is  used  to  express  addition.     Thus, 
4  -h  5  means  4  added  to  5,  and  the  answer  is  9,  and  the  state- 
ment that  four  added  to  five  makes  nine  could  be  represented 
by  making  use  of  another  symbol — the  equality  symbol  =. 
Thus,  4  +  5  =  9- 

The  symbols  .'.  and   .■  will  also  frequently  be  employed ; 
.'.  signifies  tberefote, 
„       becanse. 


I  TV. 

Evaluate,  that  is,  find  the  value  of: 

1.  28+316+459+326+182.  2.  56+89+376+83+672. 

3.  36+112  +  172  +  56+29.  4.  43+226+672  +  53+726. 
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Evaluate,  that  is,  find  the  value  of: 
5.  38  +  176+54+365  +  27. 
8.    126+58+98+462  +  567. 

7.  316+98+327+42+389. 

8.  389+627+544+89+72. 

9.  16+54+237  +  84+113. 
10.   56+3276+81+8964. 

IL  12+87+543+898+276+543. 

12.  6+13+897+26+8679+345+6- 

13.  856+983+72+543+876. 

14.  32+97+856+321  +  765  +  50- 

15.  3+895+726+86+5890+32. 

16.  5432+674+52+1000+37'- 

17.  296+154+172  +  345  +  89+1654. 

Addition  by  Steps. 

The  following  are  the  results  of  borings  for  wells,  the  tables 
giving  the  thicknesses  of  the  various  sorts  of  strata  met  with  ;  add 
up  and  give  the  depths  of  the  different  strata  below  the  surface, 
also  the  total  depth  of  the  well,  as  in  the  example  (Well  at 
Romford). 

Example. — Well  at  Romford : 

Soil      - 
Gravel 
Blue  clay 
Stone  - 
Green  sand  - 
Loamy  sand 
Bright  green  sand 
Green  sand  ■ 
Hard  blue  clay 
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9 

1.   WeU  at  Hampstead 

2.   Well  at  Waiham  Green  : 

Strata. 

•mh«. 

D^plh, 

S--            't 

tr*  ^^^ 

Brown  clay  - 

y> 

Soil    - 

6      

Blue       „     - 

170 

Sand  and  Gravel  - 

IS     

Sandy     „     - 

84 

Blue  London  clay 

119      

Basement  bed 

5 



Mottled  clay 

36      

Plastic  clay  - 

40 

Sand    -        - 

4       

Sand    - 

49 



Mottled  clay 

'S     

Hard  chalk  - 

40 

Sand,  stones,  water 

7      

Soft        „      - 

4 

Brown  sand  and  clay 

35      

Hard     „     - 

28 

Green         „ 

Flints  - 

Chalk,  Flints,  Rock 
chalk     ■ 

3      

70      

3.   West  Drayton  : 

4.    Westminster 

S'""-              ™'^  D«P"- 

through  an  old  wel 

Mould           -                 3      

Sl«U.              "^ 

Ciay      - 
Gravel 

11       

Old  well       - 
Sand    - 

Clay     - 
Basement  bed 

6t       

Clay     - 
Hard  rock    - 

Blue  clay      - 

10      

Sand  and  stone    - 

Clay     - 

8      .'.'.... 

Sand  and  clay 
Shale   - 

Red  clay       ■ 
Sand    - 

7      

28      

Mottled  stone       • 
Green  sand  - 

Clay     - 

6      

Sand  and  pebbles 
Grey  sand    - 
Flints  - 
Chalk  .        -        - 

Thickns.  n„,. 


;dbv  Google 


A  MODERN  ARITHMETIC 


5.    Wandsworth: 

SlraH. 

■niickiKB 

D.p.h. 

Yellow  clay  - 

'"  tv 

Blue        „    - 

.58 

Black      „    - 

Mottled  „    - 

4' 

Yellow     „    - 

5 

Green  sand  - 

36 

FUnts  - 

Chalk  - 

60 

Addition  of  Long  Colnmns. 

In  adding  long  sums  it  is  frequently  advisable  to  mark  the 
hundreds  as  in  the  following  example : 

Example. — Add  28,  76,  126,  gj,  75,  38,  127,  36,  84,  59, 
96,  74,  89,  438.  127,  399,  418,  385,  59. 


36 

84 

80 

84 

;8 

77 

59 

74 

6, 

96 

'5 

64 

74 

S9 

SS 

89 

SS 

48 

438 

46 

40 

ia7 

38 

37 

399 

31 

35 

418 

26 

385 

14 

«5 

59 

■7 

Add  up  the  units  in  the 
usual  way,  the  totals,  as  the  ad- 
dition proceeds,  being  marked 
on  the  right;  these  however 
should  nol  be  written  down 
until  the  hundred  is  reached, 
when  the  5  is  ticked  and  104 
marked  on  the  right. 

The  tens  column  is  treated 
similarly. 
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EXEBCISES  VI. 

Find  the  sum  of  the  following  groups,  marking  the  hundreds, 
etc.,  as  in  the  precedinj;  example. 

1.  36,  48,  32,  70,  83,  56,  34,  92.  57>  55.  3^.  29.  38,  59.  78,  98,  8, 

57,  96,  88,  57,  68,  39- 

2.  99,  88,  78,  79,  67,  75-  S8,  78,  49,  89,  96,  87,  98,  92,  75,  56,  57, 

58,  199,  77- 

3.  239.  259,  39.  57,  68,  79,  38,  36,  5s,  66,  74,  85,  97,  97,  38,  56, 
54,  187,  88,  94,  39,  37. 

4.  57,  66,  78,  87,  84,  96,  58,  S8,  67,  66,  28,  27,  39,  57,  86,  78,  93, 
99,98,64,67,19,18,17,  55^ 

fi.  86,  88,  95,  98,  97,  67,  76,  54,  47,  48,  49,  74,  89,  97,  96, 
95-  59,  76,  69,  68,  36,  35,  44,  78,  89,  199,  97,  76,  89,  98,  94,  57, 
69,  78. 

6.  59,  58,  67,  68,  49,  98,  95,  57,  49,  58,  57,  68, 69,  79.  87,  88,  379, 
368,  599.  594,  29,  37,  48,  49.  57.  198,  197.  '79.  939.  '9.  39,  46,  42. 
57,  68. 

7.  335,  367,  319,  439,  487,  576,  387,  563,  397,  876,  875,  587,  939, 
948,  953,  369,  368,  479,  89,  97,  88,  89,  99,  57,  58,  89,  76,  378,  492, 
865,  20,  93,  39,  29,  36,  76,  78,  88,  89. 

8.  76,  49,  48,  47.  46,  57,  59,  56,  86,  58,  89,  89,  38,  39,  37,  49,  39, 
65,  66,  79.  89,  47.  93,  58.  57,  79.  76,  77.  89,  98,  99,  i97.  58,  67,  69, 
84,  56,  189,  95,  78,  97,  79.  89- 

9.  78.  45,  69,  78,  64,  28,  39,  49.  58,  97,  98.  78,  87,  88,  96.  69,  67, 
74,  76,  88,  89,  98,  276,  398,  892,  89,  74,  59.  96.  87,  88,  96,  98, 96,  88, 
92,  76,  75,  89,  289,  274,  98. 

10.  472,  477,  88,  99,  79,  86,  57,  58,  96,  279,  375,  49,  58, 97,  78,  88, 
38,  56,  9,  8,  19,  18,  29,  36,  47,  58, 98,  98,  376,  49,  389,  98,  97, 365,  69, 
37.  47,  59,  48. 
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a    SUBTRACTION. 


Subtraction  is  the  operation  of  finding  how  much  latter  or 
smaller  one  quantity  is  than  another.  This  may  be  expressed 
in  two  ways : 

(rt)  How  much  must  be  added  to  a  given  number  to  make 
another. 

(3)  By  how  much  must  a  given  number  be  diminished  so  as 
to  be  equal  to  another. 

The  quantity  from  which  a  second  is  to  be  subtracted  is  the 
Subtrahend,  and  the  quantity  which  has  to  be  taken  away  is 
the  Minuend.  The  first  is  usually  preceded  by  the  word  Frtmi, 
and  the  latter  by  Take. 

The  sign  { - ),  called  mmns,  indicates  the  operation  of 
subtraction,  and  expresses  that  the  quantity  ^//ozc/«^  it  is  to 
be  taken  from  the  quantity  preceding  it.  Thus,  24-13  means 
that  13  is  taken  away  from  24. 

The  operation  of  subtraction  may  be  done  in  two  ways,  as 
will  be  seen  from  the  following  example : 

Example. —  Take  g^^from  612S. 

''^'■|"-r-|  «  I  Take  5  units  from 

Arrange  as  From     6128  g  units,  3  units  are 

m  addition.         Take  |  9  I  4  |  5  |         left;   the    3    is   sef 

5183  down  in  the  units 

^^^^^^■^^^  column.  Since  4 
tens  cannot  be  taken  from  a  tens ;  take  one  of  the  hundreds, 
and  convert  it  into  10  tens;  thus  making  12  tens  in  all; 
subtract  4  tens  from  12  tens  and  we  have  8  tens,  which  is  set 
down  under  the  tens.  Next,  9  hundreds  cannot  be  taken 
from  o  hundreds ;  take  one  of  the  thousands  and  convert  it 
into  10  hundreds,  9  hundreds  from  10  hundreds  is  1  hundred 
which  IS  set  down  in  the  hundreds  column. 

Having  taken  i  thousand  from  the  6  thousands,  5  thousands 
remain,  which  is  set  down. 
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Such  is  the  full  reasoning  for  the  operation,  but  in  actual 
working  this  is  largely  curtailed,  thus— 5  from  8  is  3  :  4  from  2 
I  cannot :  4  from  13  leaves  8  :  9  from  o  I  cannot :  9  from  ten 
is  1,     Bring  down  the  5. 

Note  that  practically  the  subtrahend  has  been  modified  thus  : 
Th.  I  H.  I  T.  I  u.  I 
From     5     10    12     8 
Take  9     4     5 


The  result  or  answer  to  a  Subtraction  Sum  is  Called  the 
Temainder  or  the  differsDCfl,  and  one  or  other  of  these  words 
should  in  the  earlier  stages  of  work  be  always  entered. 

The  result  can   be  proved    by    seeing   if  when  5183  (the 
remainder)  is  added  back  again  to  945   (the  number  taken 
away)  the  first  number,  6128,  is  once  more  obtained. 
Thus,  545     Number  taken  away.  |     .  ,  , 

5183     Remainder.  f    ^°^ 

^^^^     Original  number. 
It  can  thus  be  seen  if  we  truly  have  that  number,  which, 
when  added  to  945,  makes  6128, 

This  suggests  another  method  of  doing  subtraction,  known 
as  Complementary  Addition. 

Example. — Thus,  in  the  same  example, 

6118-945. 

-In  the  answer  let  the  units  digits  be  represented  by  U.,  the 

tens  digits  by  T.,  hundreds  digits  by  H.,  and  thousands  by  Th. 

6      I      2      8      is  to  be  the  answer  when 

TH.    H.     T.     u.  }  ^""^  ^^^^  together. 


Suppose  we  were  adding 

The  Units  d^it  +  5  would  equal  8 ; 

The  Tens  digit +  4  would  make,  clearly  not 
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The  I  would  be  carried,  and  i  +  9  +  Hundreds 

digit  would  equal  11;  .'.     H.  =  i. 

We  should  ^ain  cany  i,  r  +  Thousands  digit 

would  make  6  ;  .'.  Th.  =  5. 

The  remainder  is  .'.  $^^3- 
Expressed  more  briefly,   the  working  of  the  sum  may   be 
s  follows : 

5  +  a  digit  =  8;         .'.  digit  =3. 

Carry  i. 
1+9+        „    =11;       .-.      „    =1. 
Cany  i. 


EXERCISES  VU.  a. 
lUntAl  or  Oral. 

1.  What  must  be  added  to  8  to  make  (a)  17,  (d)  24,  (1:)  30, 
(rf)3S? 

2.  What  must  be  taken  away  from  16  to  leave  (n)  7.  (^)  8,  i^)  6, 
(■0  5? 

3.  One  boy  has  13  marbles  in  his  pocket,  a  second  boy  has  only 
6  ;  how  many  more  marbles  has  the  first  boy  than  the  second? 

4.  A  girl  has  15  pennies  in  her  pocket,  and  gives  her  companion 
6  ;  how  many  has  she  left  ? 

5.  A  boy  has  30  yards  of  String,  gives  some  away  and  finds  he 
has  25  yards  left  ;  what  did  he  give  away? 

8.  A  rod  is  26  inches  long,  two  pieces  are  cut  off,  the  first 
8  inches  in  length,  the  second  5  inches  in  length  ;  what  is  now  the 
length  of  the  rod  ? 

7.  A  piece  of  string  is  12  yards  long  ;  what  length  must  be  tied 
on  to  it,  to  make  it  16  yards  long? 

8.  What  weight  must  be  added  to  16  lbs.  to  make  up  a  quarter,. 
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EXEBOISES  Vn.  b. 
1.    Find  the  remainders  in  the  following  cases,  and  prove  your 
answer : 


(a)  From  143S 
Take     5'8 

(i)  From   1063 
Take     107 

{()  From  1063 
Take     914 

._^^ 

■ill. 

■m 

(d)  From  2150 
Take    1026 

(,e)  From  B39 
Take     76 

(/)  From  2618 
Take   1926 

ig)  From   1764 
Take     617 

(A)  From  8820 
Take     3'2 

(0  From  1000 
Take     998 

2.   (a)  78-25;  (i)  100-84;  (4262-118 

(lO  309-106;  W  323-248;  (/)77S-9o; 

(£)  716-182;  (,*)  1086-689;  (0  2175-885 

{J)  3162-1469;  {k)  S269-4'82;  ,(/)  iooo-28< 

(»i)  1001-929;  {n)  1072-974;  (o)  2ti6-iii 


Snpply  the  missing  figures  i 


the   following   subtractio 


3.   From  9163    4.    From  7642    6.   From  1008     6,   From  3736 


From  416S 
Take  


10.    From  3333 
Take 


Take  

Take  Take  

3431 

206                     3|82 

&    From  7290 

9.    From  2081 

Take  

Take  

6361 

82 

11.    From  4571 

12.    From  8088 

Take  

Take  
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vn.  C. 

In  the  following  tables,  giving  the  various  strata  met  with  in 
making  the  wells  specified,  the  depths  to  the  bottoms  of  the  various 
strata  and  the  well  bottom  are  given ;  fill  up  the  table  by  giving  the 
thicknesses  of  the  different  strata,  similarly  to  the  worked  example. 

Example.— Southend  Water  Works : 

£7^  Thick™ 


Surface  soil    - 

3 

^ 

Yellow  clay    - 

■      33 

v> 

Blue       „ 

-    4'7 

SH4 

33    ..     4"7 

Running  sand 

-     S98 

iHi 

417    „      598 

Chalk     ■ 

-    900 

302 

59E    .,     900 

1.   Well  at  New  Barnet : 

2.   Well  at  Elsiree  : 

Strat>. 

S?^'  ™<= 

nsi. 

P'£iT.ick» 

Yellow  clay 

Yellow  Clay        ■     20      

Blue       „ 

III 

Hard  blue  clay  •    170      

Quick  sand 

US      ... 

.. 

Sandy    „      „    -    183      

Mottled  clay      - 

Sand  and  water     184      

Silver  sand 

I3S      ■■- 

White  pebbles  -    189      

Pebbles  in  sand 

136      ... 

Coloured    sandy 

Mottled  clay      - 

137      — 

clay        -        .    196      

Dark   sand   and 

Clay  and  pebbles  302      

pebbles  - 

144      - 

Dark  sand 

Sand  and  flints  - 

Chalk 

439      - 

S.   Well  at  Essendon  : 

4.   Well  at  Eltham  Park : 

Sirati. 

K  Thid^e^ 

s—           ^^■^-^'•« 

Soil  - 

2      ... 

Sand          .        -     44      

Gravel  and  sand 

z6      ... 

Yellow  clay  with 

Blue  clay  - 

130      ... 

fragments      of 

Yellow  clay 

shells      -        -     so      

Green  sand        -     60      

Chalk  with  flints 

344      .- 

Sand          -        -    122      

Chalk                 -   216      
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WeU  at  Alperton : 

Slniu. 

ffi.Thick.« 

Yellow  ciay 

=5      

Blue 

i6S      

Mottled  „ 

Sand 

2'4       

Pebbles     - 

2I8        

Flints 

220        

Chalk 

400       

EXERCISES   Vn.   d. 
Hental  <v  Ond. 
Example  .—Find  the  rtsult  of  the  following  operalions  : 
S+  7-6+  9-s-^  +  6  +  S-g-ii. 
15    9     i8     IS     13     19    27    25     16 
Starting  with  the  +8,  the  results  are  figured  underneath,  t 
the  process  however  being  mental;  the  answer  is  16. 
Evaluate : 

1.  5+6-4-2+7-9+6-5. 
3.  6+7-3-7+8+6-9-5. 
5.  6-4+9+2-3-6+B+z. 
7-  7-3+4+6-3+8-5-7- 
9.  6-S+6-3-2+6+4-6. 
11.  6+4  +  3-4-6+6+4-6. 
13.  4+6-3-2+6-4+3-4. 
15.   8+7-5+6-8-4+9-8. 


2.    3+9+10-5-6+8-5+4. 

4.   8  +  5+6-3-4+6-3+6. 

6.   9+2-3-4+2+4-6+8. 

8.  2+4+3-5+6-7+8+2. 
la  2-1+3+6-4-2+8+2. 
12.  8-6+3+6-4-2+6+3. 
14.  3+2-4+5-2  +  3+6-5. 
16.  5-4  +  8-5+6+3-6+8. 
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4.   MULTIPLICATION. 

Unltiplication  is  only  a  shortened  method  of  addition,  where 
the  addends  are  all  equal.  In  arithmetical  operations  the  sign 
for  multiplication  is  represented  by  x  ;  if,  for  example,  we  wish 
to  find  the  value  of  4  +  4  +  4  +  4  +  4,  i.e.  of  s  fours  added 
together,  the  operation  is  equivalent  to  multiplying  4  by  5, 
and  is  represented  by  5  x  4, 

Similarly     2x8  means  8  +  8. 

8x2  means  2  +  2  +  2  +  2  +  2  +  2  +  2  +  2. 

In  2  X  8  the  answer  16  is  termed  the  product,  the  2  is  called 
the  multiplier,  and  8  the  multiplicand,  while  2  and  8  are 
spoken  of  as  the  foctots  of  16. 

Remembering  that  multiplication  is  merely  shortened  addi- 
tion, we  can  construct  a  set  of  multiplication  tables. 


twos  make    4,    for  2  +  2  =  4. 

,  f  3  twos  are   2  greater  than   2   twos,  i.e. 

\      greater  than  4. 
8     2  greater  than  6, 


I  vm  a. 

1.    Construct  a  table  of  multiples  for  the  numbers  3  t» 
:o  the  above,  thus 
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'9 


2.  Arrange  the  results  of  all  these  tables  as  in  Fig.  E  (filling  in 
Ihe  blank  spaces) :  where  the  result  of  multiplying  any  number, 
iuch  as  7  by  8,  is  put  in  that  square  which  is  under  the  7,  and  in 
the  same  line  horizontally  as  the  8. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

4 

5 

6 

7 

8 

56 

9 

10 

11 

12 

Note  the  peculiarity  ol  the  table,  that  the  rows  and  the 
columns  might  be  interchanged,  for  example, 


8x7.56 

and 

7x8.56; 

accordingly 

8x7. 7x 

so  also 

6x4.24. 

This  fact  may  be  illustrated  graphically  t 
chequered  paper. 
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For  example,  to  show  that  4x3  = 
Three   squares   can    rqiresent   3 
units,  thus  (Fig.  2) 


four  such  rectangles  will   represent 
the  product  (4  x  3)  (Fig,  3). 


But  the  big  rectangle  representing 
the  product  can  be  divided  up  into 
3  rectangles  each  of  4  squares,  thus 


and  represents  3x4  (Fig,  4) 


4  4  4 


—To  Ulnsl 


EXERCISES  Vm.  b. 

PractioaL 

{Apparatus:  Ruler  and  Squared  Paper."] 

Represent  graphically  ihe  following  products,  and  show  in  each 
case  that  the  multiplier  and  multiplicand  can  be  interchanged  : 

1.    5>:3-        2.   4x5.        3.  6x2.        4.   8x7.        5,   6x9. 

These  results  could  be  generalized  by  stating  that  axi=6xa, 
where  a  and  6  stand  for  any  numbers. 
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EZEBCISES  Vm.  c 
Mmital  or  Onl 
Example, — Give Jactors  for  72. 
Since  6x  13=72,  then  6  and  u  are  said  to  be  foctOTS  of  72 ; 

similarly,  8  and  9  are  also  factors  of  ^^. 

1,  Give  ^tors  for  the  following  numbers : 

(«)  4B,  (»)  38,  «  35,  (i)  90,  »  88,  (/)  31 

2.  Write  down  the  results  of  the  following  operations  : 

0)3^4+2;  (ii)  5x6-8;  (iii)  12x9-9; 

(iv)  12x9-12;        (v)  8x11+8;  {vi)8xn+3. 

Multiplication  liy  single  digits. 

The   method  of  multiplying  by  numbers  consisting  of  a 
single  digit,  is  best  illustrated  by  considering  an  example. 

Example. — To  multiply  876  by  4. 
Here  we  have  to  evaluate  4x876; 
thing,  S76  +  876  +  876  +  876. 
We  do  this  by  addition  first. 

876 

876 

876 

876 


or,  what  is  the  same 


Next  by  multiplication : 
876  As  in  addition  we  added  4  sixes,  so  we  now  take 

4  4x6  making  24,  setting  down  4  and  carrying  the  a 
Z^X  '^"s-  Corresponding  to  adding  the  4  sevens,  and 
■^—  this  2,  we  obtain  mentally  the  value  of  4x7  +  2  or 
'  °  30,    set  down    o,    and    carry    3.      Next    we    obtain 

t  X  8  +  3  or  35 ;  and  the  answer  is  3S01. 
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Multiplication  b^  &ctora. 
Example. — To  multiply  586  by  45. 

We  have  to  find  the  sum  of  45  numbers  each  equal  to  586, 
These  numbers  could  be  arranged  in  5  groups  of  9,  for  45 

is  5  X  9. 

The  number  in  each  group  IS     9X    586=    5274, 
„   the  s  groups  is  5  x  5274  =  26370. 

The  result  has  been  obtained  by  multiplying, 
ist  by  one  factor  9, 
and  by  the  second  factor  5  ; 
i.e.,  we  multiply  in  succession  by  all  the  factors  which  make 
up  the  multiplier. 

To  multiply  by  10,  100,  or  1000  is  easy,  for  when  multiplied 
by  10,  units  become  lens,  tens  become  hundreds,  and  hundreds 
thousands. 

Thus,  Z15  multiplied  by  10  becomes  50  +  100  +  3000, 
i.e.  2150. 

Notice  that  the  place  value  of  each  digit  of  the  original 
number  has  been  increased  tenfold,  but  that  all  that  has  been 
done  is  to  add  a  cypher  after  the  unit  figure. 

Similarly,  when  we  multiply  by  100,  units  become  hundreds 
and  tens  become  thousands ;  the  place  value  of  each  digit  is 
increased  one  hundredfold,  and  z  cyphers  are  added. 

Thus,  r8  multiplied  by  100  yields  1800.  and  so  on. 

ExAMPtE. — To  multiply  324  by  30. 

That  is,  to  multiply  by  a  number  the  factors  of  which  are 
10  and  3. 

Multiplying  324  by  10  we  obtain  3240. 
3240  by    3     „  9720. 

The  two  operations  are  conducted  simultaneously,  i.e.  we 
multiply  by  3  and  add  a  cypher. 

Oeneral  Case. 

Example. — To  multiply  276  by  315. 

It  is  required  to  find  the  number  which  would  result,  if 
276  were  written  down  315  times,  and  the  sum  obtained;  the 
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result  must  be  the  same  as  if  276  be  first  token  300  times, 

then  another  10  times  and  finally  another  5  times.  Hence, 
to  obtain  the  result  multiply  276  by  300  first,  then  multiply 
276  by  10,  and  lastly  by  5,  and  finally  add  the  3  products 
together. 

Or,   315  X276  =  (30ox  276)  +  (iox  a76)  +  (5  y  276). 
The  working  is  set  down  usually  as  below 
276  (i)  Multiply  276  by  300,  by  multiplying  by  3  and 

315  the  addition  of  2  cyphers  to  increase  the  place 

g  g~r  value  a  hundredfold. 

,  (ii)  Multiply  by  10,  by  adding  a  cypher  to  increase 

^'„  the  place  value  of  each  digit  tenfold. 

'^°°         (iii)  Multiply  by  5. 
86940        (iv)  Add  the  three  products,  and  obtain  86940  as 
^~'~~  the  product  of  276  and  315. 

Note. — It  is  convenient  to  place  the  numbers  with  their 
unit  digits  beneath  one  another. 

Generally  the  work  is  shortened  very  slightly  by  omitting 
the  cyphers  used  in  increasing  the  place  value  in  the  partial 
products.     Thus, 

276 
31S 


The  gain  in  time  is  very  small,  and  it  is  better  to  omit 
nothing  at  first. 

EXEBOISES  IX.  a. 
Hantal  or  Ond. 

1.  A  yard  (i  yd.)  contains  3  feet ;  how  many  feet  are  there  in 
(i)  4  yds.,  (i)  3  yds.,  {€)  6  yds.,  (rf)  5  yds.,  (*)  8  yds.? 

2.  A  foot  (i  ft.)  contains  12  inches  ;  how  many  inches  are  there 
in  (a)  8  ft.,  (i)  6  ft.,  (c)  4  ft.,  (^  5  ft.,  (f)  9  ft.  ? 
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3.  One  sixpenny  piece  has  the  same  value  as  6  pennies ;  how 
many  pennies  should  be  exchanged  for 

(a)  4  sixpenny  pieces,  (i)  5,  (ir)  7,  {d)  2,  {e)  8  ? 

4.  How  many  days  are  there  in  the  following  number  of  weeks  : 
(a)  4  weeks,  (i)  1 2  weeks,  (c)  7  weeks,  (rf)  9  weeks  ? 

5.  A  fool  contains  12  inches  ;  how  many  inches  are  there  in 

8  feet? 

6.  How  many  marbles  are  there  in  6  bags,  each  containing 

9  marbles  ? 

7.  A  yard  contains  36  inches  ;  how  many  inches  are  there  in  a 
roll  of  paper  5  yards  in  length  ? 

8.  A  man  gives  7  pennies  to  each  child  in  a  school  of  160 
children  ;  how'many  pennies  does  he  give  away  altogether? 

Evaluate  the  following  : 


9.   25,  multiplied  by  (a)    2, 

(»)4, 

W    6, 

W»- 

10.   2!, 

„ 

W    3, 

(»)5 

«    7. 

11.    US, 

„ 

(«)    4, 

(»)« 

W    3, 

W5, 

M7. 

12.   .44, 

„ 

(")    3, 

W4 

(t)  12, 

(<0s, 

»6. 

13.  336, 

„ 

(«)    2, 

«5 

»    7, 

««, 

«9. 

It    121, 

„ 

(•)  11, 

(»)3 

M  6, 

M5. 

15.    37, 

„ 

<«)    3, 

(1)6 

»    9, 

M4. 

16.   28, 

(")    4, 

(4)8 

M    3- 

17.   112, 

„ 

W    S, 

»« 

W  9. 

State  all  the  factors  of 

18.   M24 

«32 

W  45. 

1,    How  many  names 


EXERCISES    IX.  b. 

there  on  9  registers,  each  containing 


2.  How  many  panes  of  glass  are  there  in  12  windows,  each 
containing  27  panes? 

3.  A  man  has  176  oranges  in  each  of  5  boxes,  how  many 
oranges  has  he  altogether  ? 
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4.  How  many  lines  are  there  in  a  page  of  9  columns,  each  of 
which  contains  136  lines? 

5.  A  book  has  280  pages  with  48  lines  to  the  page  ;  what  is  the 
total  number  of  lines  ? 

6.  What  is  the  weight  of  28  blocks  of  stone,  each  one  of  which 
weighs  137  pounds? 

7.  If  a  mile  contains  1760  yards,  how  many  yards  are  there  in 
26  miles  P 

Multiply  the  following  : 

8.  76  by  35.  fl.  89  by  47.  10.  57  by  23. 
11.  93  by  87.  12.  96  by  64.  13.  296  by  27. 
14.  305  by  76.  15.  1905  by  63.  16.  7560  by  640 
17.  906  by  267.  18.  693  by  709.  19.  790  by  652. 
20.  319  by  1035.  21.  737  by  68a  22.  S43  by  706. 
23.  318  by  723.  24.  63B9by38. 

25.  A  store  has  in  it  326  boxes  each  coniaining  138  apples, 
326  boxes  each  containing  262  apples  ;  how  many  apples  arc  there 
altogether  in  the  store  ? 

26.  Evaluate  : 

(a)  (24)i26o)+(38x26o)  +  (37X26o). 

(i)(i98x325)-(68x325). 

(^)(3.6xi75)-(3'6x74). 

{d)  (25xi4o)+(65xi4o)+(84>:i4o)-{i7oxi4o). 

{e)  {i2X36x25)+(i3ooxi4). 


27.   After  ivorking  t 

nentally,   write    down 

1  the  results  of  the 

following  operations : 

(«)  76x5+8. 

(*)  37x6+5. 

ic)  37x6-8. 

id)  124x7+26. 

(e)  384x9  +  54- 

00  256x12+7. 

{g)  382x9+123- 

W  36x5-4. 

{t)  47txii-8. 

ij)  374  ><  10- 33- 

(*)  256x12-24. 

(/)  318x7-45- 

(«)  100-5x6. 

(«)  180-3x15. 

(p)  200-11x17. 

(/S)  562-7x28. 

(?)  2362-9x183. 
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28.  What  is  the  weight  of  312  cart  loads  of  bricks,  each  one  ot 
which  weighs  1643  pounds? 

29.  What  is  the  distance  covered  in  a  year  (365  days)  by  a  train 
making  2  daily  journeys  of  143  miles  F 

30.  If  a  pint  of  a  liquid  weighs  23  ounces,  how  many  ounces  . 
short  of  1000  are  there  in  a  cask  containing  43  pints  ? 

SI.  A  boy  wishes  to  join  up  by  a  thread,  two  posts  4956  inches 
apart ;  he  has  13  skein<>  of  thread  each  415  inches  in  length  ;  how 
much  thread  has  he  over? 


BXESOISBS    IX.  c. 

Hental  or  Oral 

Write  down  the  product  of  the  given  numbers,  and  the  numbers 

corresponding    to    the    digits    marked    with    an    asterisk.      Thus 

in  1.   (a)  334x146.     The  result  would  be  234x40  =  9360. 

1.  (a)  234  by  146  ;       (,&)  by  164  ;      (c)  by  2046  ;       (d)  by  713. 

2.  (a)  893  by  363  ;      (i)  by  363  ;      (c)  by  jxir. 

Write  down  the  products  of  the  pairs  of  numbers  represented  by 
digits  marked  by  asterisks  in  the  following  : 

3.  W  876  by  325  ;         (*)  876  by  523  ;        (<:)  8672  by  253. 
(rf)  9613  by  Z182  ;      (e)  7992  by  8^ ;      (/)  8734  by  ?34- 

Squared  and  Onbed  Numbers. 

When   a  number  is  multiplied  by  itself  it  is  said  to  be 


=  144,  and  144  is  the  moare  of  la 

Dgitiz^dbv  Google 


MULTIPLICATION  37 

The  operation  is  generally  represented  by  the  index  a  written 
above  the  number,  thus 


a  X  (7  =  a^,  where  a  stands  for  any  number. 

Similarly, 
o»  =  axflXa 
ai'  =  axaxa>ca 
3*  =  3X3X3X3  =  8i  ;  and  hence  81  is  called  the  4th  power  of  3. 

Notice  that  three  hke  numbers  have  to  be  multiplied 
together  to  obtain  the  third  power ;  four  to  obtain  the  fourth 
power,  and  so  on. 

EXESCaSES    X. 

1.  Write  down  (a)  the  powers  of  2  up  to  the  loth,  {b)  the 
powers  of  3,  also  up  to  the  10th. 

2.  Write  down  the  powers  of  5  up  to  the  5th. 

3.  Name  the  5  lowest  powers  of  2  which  are  also  powers  of 
(rt)8,  andof(i)  16. 

4.  Construct  a  table  of  squares  for  the  first  20  numbers. 

5.  Using  your  table  of  squares,  find  the  numbers  which,  when 
squared,  will  give  the  numbers  nearest  to  the  following  : 

(a)  10,        (i)  20,        (c)  30,        (rf)  40,        {e)  so, 
(/)6o,       Cf)8o,       Who,       (0  130,      0)150. 

6.  Construct  a  table  of  the  cubes  of  the  first  20  numbers. 

7.  A  number  is  known  to  be  {a)  a  squared  number,  find  the 
possible  digits  in  the  units  place  ;  what  digits  are  possible  if  the 
number  is  known  to  be  (b)  a  cubed  number? 

8.  Write  down  as  concisely  as  possible : 

(a)  axaxdxaxa,        (*)  *x*x#x5x*x*.        (,c)  xyxy-x, 
{d)  y^y,  {')  «x3xsx.8'x«xarx«x3'. 
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EXEEOIBES    XL 

Practical. 
[Apparatus:   Squared  Paper,"] 

1,  The  accompanying  figure  represents  the  square  of  5.     Draw 
similar  figures  representing  the  results  of 
squaring  the  following  numbers  ;  ; 

3,  4,  8,    II,    13,  21.  i 

2.  Show  by  drawing  figures  that  j 

3x4  +  3x5  is  the  same  as  3x9.       j 
5x2  +  5x3         „         „         5x5,        I 


.   Show  by  drawing  figures 

that 

(u)  3x13  is  the 

same 

as  3"  10+ 3^ 

<i)4Xi4         „ 

„ 

4x10+4^ 

ic)  3x23         » 

3x20+3^ 

{d)  20x23       ., 

202+20x3, 

{^)6x36         „ 

„ 

6x30+6=, 

(/)  30x36       „ 

., 

3o'J+6x30. 

4.  Draw  a  square  to  represent  36',  divide  it   up  into  two 
rectangles  one  of  which  represents  6x36,  the  other  30  x  36. 

Divide  the  rectangle  representing  6  x  36  as  in  {e)  in  question  (3). 

30x36         (/)  „         (3)- 

Show  from  your  divided  figures  that 

36*=30^+6'+twice30x6. 

5.  Draw  figures  showing  that 

id)  i35=io'+3^+twice3Xio, 
{*)  i8»-ioS+82+  „  8x10, 
{c)  24i=20=+4*+     „     4x20. 

6.  Making  use  of  the  method  suggested  by  (5),  write  down  the 
squares  of  the  following  numbers  : 

<«)  '  5.  25,  35.  45.  55  ;  (*)  i7.  22,  33,  91,  82  ;  {c)  102,  203,  305. 
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7.  Draw  as  in  the  accompanying  diagram  a  figure  to  represent 
thre  square  of  lo;  divide  it  up  into  lO  parts, 

as  in  the  figure,  and  write  down  the  num- 
bers corresponding  to  each  part ;  thus  the 
shaded  portion  in  the  diagram  is  the  8th 
part  and  represents  15,  the  first  represents 
I,  the  second  3  and  so  on. 

(a)  Find  the  sum  of  the  first  3  parts, 

(*)  „  „  4      .>  rio.6. 

and  so  on  up  to  ie)  the  first  10     „ 

8.  Draw  a.  figure  to  represent  the  following  sum  : 

1  +  3+5+7+9+11 +  '3+ '5  + 17  + 19+!' +  23+35 
and  find  the  sum. 

9.  Represent  any  odd  number,  say  (a)  33,  as  the  difference 
between  two  squared  numbers  ;  also  (,b)  29,  (t)  31. 

10.  A  man  puts  g  pennies,  resting  against  one  another,  with 
their  centres  in  a.  straight  line,  against  these  he  puts  another  row 
of  7,  then  another  row  of  5,  and  so  on  ;  how  many  rows  will  there 
be  altogether,  and  how  many  pennies  ? 

11.  A  man  puts  24  rows  of  shillings  against  each  other,  i  in  the 
first  row,  3  in  the  second  row,  5  in  the  third  row  and  so  on ;  how 
many  shillings  has  he  F 


5.   DIVISION. 

Division  is  the  operation  of  ascertaining  how  often  one 
quantity  is  contained  in  another,  or  how  many  times  the  same 
quantity  may  be  taken  away  from  another.  From  this  second 
aspect  of  the  operation,  division  may  be  looked  upon  as 
repeated  subtractions  where  the  minuend  remains  constant. 
Thus,  7  is  contained  in  50,  7  times  with  a  remainder  of  i  ; 
or,  7  may  be  subtracted  7  times  from  50  and  1  remains. 

Hence  (i)  a  concrete  quantity  may  be  divided  by  a  concrete 
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quantity  of  the  same  kind,  as,  bow  often  is  £j  contained 

(a)  A  concrete  quantity  may  be  divided  by  an  abstract  one, 
as,  divide  12  cwts.  into  4  equal  parts. 

(3)  An  abstract  quantity  may  be  divided  by  another  abstract 
quantity,  as,  divide  z8  by  4. 

The  quantity  to  be  divided  is  called  the  Dividend;  the 
quantity  we  divide  by  is  known  as  the  DiTisor,  the  result 
obtained  as  the  Qootient ;  and  when  a  quantity  is  left  at  the 
end  of  the  operation  it  is  called  the  Bemalndet.  It  is  evident 
that 

Divisor  x  Quotient  4-  Remainder  =  Dividend. 

.  The  explanation  of  the  process  is  seen  from  the  following 
example : 

Example. — //  is  required  to  divide  3419  by  7. 

Arrange  the  work  thus  ; 
yi  34,9  Since  3  is  less  than  7,  regard  3  thousand 

— —  ,  and  4  hundred  as  34  hundred;  divide 

48»  remar.  3.  j^y  ^  .  ^j^^  ^.^^^^  j^  ^  hundred  as  quotient 
and  6  hundred  as  remainder; 

V    7><4  +  6  =  34. 

Regard  this  6  hundred  remainder  and  the  i  ten  as  61  tens ; 
divide  by  7 ;  the  result  is  8  tens  as  quotient  and  5  tens  as 
remainder ; 

V  7>=8  +  5=6i. 

Regard  this  5  tens  and  the  9  units  as  59  units ;  divide  by  7  ; 
the  result  is  8  units  as  quotient  and  3  as  remainder  ; 

V  7><8  +  3  =  59- 

The  answer  or  quotient  is  488,  remainder  3. 

To  pTOV«  the  result,  see  if 

Divisor  x  Quotient  +  Remainder  —  Dividend. 
Thus     (7X488)  +  3  =  34i6  +  3  =  34i9  =  Dividend. 
The    operation    of    division    is   often    represented   by  the 
symbol  -r,  which  signifies  that  the  quantity  before  the  sign  is 
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to  be  divided  by  the  quantity  following  it.     It  is  also  expressed 
in  other  ways;  thus  i2  divided  by  4  may  be  written  as  -'^, 

or  12/4. 

EXEBCISES  XH  a. 
Hsntal  or  Oral. 

1.  How  often  is  8  contained  in  48,  80,  144  and  192? 

2.  „        ,>        9        II        II     63,  117,288,72? 

3.  How  often  can  1 1  be  taken  away  from  100,  200,  1 54,  362  ? 

4.  A  basket  containing  1 24  apples  is  shared  equally  among  some 
boys,  giving  each  one  8.  How  many  boys  will  have  shares? 
What  apples,  if  any,  remain? 

5.  What  must  13  be  multiplied  by  to  give  84,  120,  48  and  4S0? 

EZEBCISEB  Xn.  b. 

1.  Divide  2375  by  (a)  3,  (i)  5,  (c)  7  ;  prove  your  result  in 
each  case. 

2.  What  number  when  divided  by  7  yields  285  as  quotient  and 
6 as  remainder? 

3.  How  many  numbers  less  than  1200  are  multiples  of  8? 

4.  There  are  12  inches  in  I  foot ;  how  many  feet  are  there  in 
3002  inches  ;  how  many  inches  over  ? 

5.  A  fiagon  can  hold  7  pints  ;  how  often  can  it  be  filled  from  a 
cask  containing  12^0  pints  ? 

6.  How  many  sixpences  are  equivalent  to  3276  piennies  ? 

7.  A  man  has  2561  pennies  ;  what  is  the  least  number  of  pennies 
he  must  add  to  them,  so  that  he  can  exchange  them  for  an  exact 
number  of  shillings  ? 

DiviBioB  by  Factors. 

When  a  divisor  is  the  product  of  2  or  more  factors,  the 

division  may  be  performed  by  each  of  these  successively.    The 
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final  result  is  the  quotient  A  little  care  is  required  in 
determining  the  remainder  when  the  factors  do  not  divide  the 
quantities  exactly. 

Example. — To  dmide  7563  by  32. 

It  is  required  to  find  how  many  lots  of  32  can  be  taken 
from  7563,  and  how  many  units  will  then  remain. 
417563 
8 [1890  remdr.  3,{'-'-  J.^tj',™,'^ ^^"'^^  '""*  '*^  ^"^^  "' '''  ""^ 

336  remdr.  2,f''''-  '^  groups  of  4  are  eqaivalent  to  236  groups 

—  \    of  32,  and  J  groups  of  4  over. 

Quotient  — 336  with  remdr,  2x4  +  3,  or  ••  units. 
Hence  total  remainder  is  2  groups  of  4,  +  3,  or  11  units. 
The  same  factors  may  have  their  order  changed,  thus : 

8  7563 

4 1    945  remdr.  3. 
236  remdr.  1. 

Quotient  236  with  i  group  of  8  and  3  units,  or  11  units, 
as  remainder. 
This  method  can  be  extended  to  3  or  more  factors. 


EXEBCISES   XIL  C 
Perform  the  following  operations,  using  fectors  when  advisable. 
In  each  case,  when  factors  are  used,  change  their  order  and  thus 
verify  your  own  work. 

1.  2694  -H  (a)  4,  (i)  S,  (c)  6,  (rf)  7,  W  8,  </)  9,  U)  II,  (A)  i2- 

2.  38407+  (a)  14,  (d)  IS,  W  >6,  (rf)  18,  W  21,  (/)  24. 

3.  30269+  {a)  27,  {&)  32,  W  35.  (rf)  36,  W  40,  (/)  44- 

4.  1 125  +  (a)  45,  (A)  48,  W  49.  (rf)  SS.  W  60,  00  64. 

6.   2784  +  («)  72,  (^)  84,  (c)  96,  (rf)  105,  W  MO,  (/)  1 12. 

&  3269  +  («)  135.  (*)  147,  W 16B,  (rf)  180,  (*)  192,  00  21a 
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EXEBCISES  Xn.  d. 
Qnjibie. 

[Afifiaraius :   Squared  Paper.'] 

1.  Divide  graphically  82  by  (a)  7,  by  (*)  17,  by  (c)  13.  (Mark  off 
a  distance  representing  82,  and  find  the  number  of  times  a  distance 
representing  7  can  be  marked  off  on  this.) 

2.  Mark  off  a  distance  representing  97,  and  see  how  many 
distances  representing  ;  can  be  marked  off  on  this,  next  take  these 
distances  in  groups  of  3;  how  many  groups  are  there,  what  is 
leftover? 

3.  Similarly,  divide  86  by  (a)  1 5  (i.e.  by  3  x  5)  and  by  (i)  24. 

4.  The  accompanying  figure  contains  166  small  squares.  Divide 
it  up  so  as  to  show  that  when  166  is  divided  by  28,  by  the  method 
of  factors,  first  by  7  then  by  4,  the  remainder  is  of  the  form 
3x7  +  5,  and  equal  to  26.     What  is  the  Quotient  ? 


6.  Draw  in  a  similar  manner  to  that  employed  in  (4)  a  figure 
divided  up  to  show  the  form  of  the  remainders  when  166  is  divided 
by  35,  by  42  and  by  63. 

6.  Draw  figures  as  in  (4)  and  (s),  showing  the  forms  of  the 
remainder  when  154  is  divided  by  72,  by  54  and  by  45. 
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34 

4ii84( 
23400=. 

100  time 

234 

17784 
16380  = 

70  times 

234 

1404 
1404  = 

6  times  2 

34 
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DiviBion  by  the  Oeneral  Method. 
Example  :— 41 184-^  234. 
6 

70  411  hundreds  odd  is  greater 

100  than  100  times  234  and  less 

than  zoo  times  234. 

We  subtract  therefore  roo 
times  234  from  41184,  and  the 
remainder  is  17784;  and  we 
set  100  above  41 184  as  in  the 
example. 

17784  we  know  is  less  than 

100  times    234;    we   have   to 

find  the  greatest  exact  ten  multiple  of  234  less  than  17784; 
now  2  hundred  and  odd  divides  into  177  hundred  odd,  clearly 
something  nearly  80  times,  and  by  multiplication  80  times  is 
found  to  be  too  large;  70  times  234  is  however  less  than  17784, 
and  we  accordingly  multiply  234  by  70  and  subtract  from 
1 7784,  leaving  1404 ;  we  set  the  70  above  the  100. 

By  inspection  it  is  seen  that  234  divides  into  1404,  some- 
thing like  6  times  ;  6  is  tried,  and  found  to  equal  1404  exactly, 
and  the  result  of  the  division  is  176. 

The  method  is  usually  contracted  as  follows : 

176  =  Quotient 


1778 
1638 


To  prove  the  result,  test  if 

Quotient  x  Divisor  +  Remainder  ^  Dividend. 
Here    234  x  176  +  o  =  35200  +  5280  +  704=.  41184. 
The  result  is  therefore  correct. 
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ItaJiaa  Method. 

The  writing  work  is  sometimes  abbreviated  by  writing  down 
the  remainders  only  in  the  division. 

Example: — To  evaluate  87643 -^ 387. 

Worked  out  in  full. 
226  =  Quotient 


181  =  Remainder. 
Worked  out  by  Italian  method.    . 
226  =  Quotient 
387   87643       twice  7  =  14,  14  and  2  =  16,  carry  i. 

1 10Z4  ,,     8==  16,  with  1  =  17,  17  and  0=  17,  carry  1. 

*S'='3  >i     3=6,  with  1  =  7,  and  1  -  8,  so  obtaining 

181  the  ist  partial  remainder  102. 

Bring  down  the  4, 

twice  7  =  14  +  0=  14,  carry  i. 
„     8»>  16,  with  1  =  17,  17  +  5  =  22,  carry  2. 
„     3=6,  with  2  =  8,  8  +  2  =  I  o,  so  obtaining 
the  and  partial  remainder  25°- 
Bring  down  the  3, 
6  times  7  =  42,  and  1  =  43,  carry  4. 
6      „     8  =  48  with  4  =  52,  and  8  =  60,  carry  6. 
6      I,     3=  i5  with  6  =  24,  and  1  =  25,  and  the 
final  remmndeT  u  181. 
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Division  true  to  ttie  Nearest  Unit. 
Frequently  in    division    we  are  not  concerned  with   tiie 
remainder,  and  it  is  more  convenient  to  state  the  answer  true 
to  the  nearest  unit  (or  to  the  nearest  ten,  or  hundred). 

Example. — 87643  -^  387. 

The  quotient  is  (as  on  p.  35)  226  true  to  the  nearest  unit,  as 
181  is  less  than  one  half  of  387. 

Again,  in  dividing  7836  by  9  the  quotient  is  870  and  6  over, 
but  stated  true  to  the  nearest  unit  the  quotient  is  S71,  as  the 
remainder  6  is  greater  than  one  half  of  9,  and  9x871, 
i.e.  7839  is  nearer  to  7836  than  9  x  870  or  7830. 


EXEBCISEB    Zn.  e. 

Find  the  quotient  and  remainder  when  each  of  the  tbllowing 
numbers 

(i)  6234'.        <ii)  S6375.        (iii)  88216,        (iv)  70062, 

(v)34S62,       (vi)  16324,       (vii)83iio, 
are  divided  by  each  of  the  following  : 

(a)  23,  (A)  56,  (.r)ia3,  (rf)478, 

(^)S25.  0')4i7,  (£-)73i,  W922. 


zn.£ 

Hental  or  0»L 

L  What  is  the  least  number  which  can  be  taken  from  60  so 
that  the  remainder  may  be  divisible  by  (a)  8,  (#)  7,  {£)  9  ? 

2.   What  is  the  least  number  which  can  be  added  to  73  so  that 
the  sum  may  be  an  exact  multiple  of  (a)  6,  (S)  7,  {c)  11,  {£)  5; 
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3.  In  division  operations,  supply  the  missing  quantities  in  the 
following : 

Diviiot.     QuoIicDl.     Reuuindu.     Dividcad. 

(a)       S  3  4  . 

(*)  9  *  *  332 

(c)        7  123  5  * 

(rf)        6  i82  3  • 

W        .  7  4  2O0 

(J)        *  12  lo  430- 

4.  What  digit  must  any  number  end  in,  to  be  exactly  divisible 
bys? 

5.  What  are  the  numbers  less  than  loo  exactly  divisible  by  25  ? 

6.  WTiat  must  be  the  tens  and  units  digits  of  any  number  if  it 
is  exactly  divisible  by  25  ? 

7.  State  the  remainders  vhen  the  following  numbers  are 
divided  by  25  : 

80,    180,  237,  257,  983,  933,    1953,  aoi,  441. 

8.  Multiplying  by  too  and  dividing  by  4  is  equivalent  to 
multiplying  by  2;.  Making  use  of  this,  state  a  quick  way  of 
multiplying  by  35. 

9.  Evaluate  the  following  : 

35x126,   25x18,  25x144,  35x48,  25x337. 

10.  State  a  method  of  quickly  dividing  by  25. 

11.  Evaluate 

2300^25,  37S-^25i  875-=-35,    1925-^25,  470O-r2S. 


6.   FACTORS. 

Factors. — Many  rules  can  be  established  for  finding  possible 
factors,  thus  : 

(a)  2.  Clearly  all  even  numbers  are  multiples  of  2. 

(i)  4.  Since  100  is  25x4,  any  number  which  is  an  exact 
multiple   of    100  is  an    exact   multiple   of   4;   therefore  any 
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number  divisible  by  4  must  have  the  number  represented  by 
the  tens  and  units  digits  also  divisible  by  4. 

Thus,  1872  is  divisible  by  4,  since  1800  is  divisible  by  4 
and  since  72  is  also  divisible. 

To  test  if  2316  is  divisible  by  4,  we  merely  note  that  16  is 
divisible  by  4. 

(1:)  8.  Similarly,  since  1000=125x8,  anynumber  is  divisible 
by  8  if  the  number  represented  by  the  hundreds,  tens  and 
units  digits  is  divisible  by  8. 

(rf)  9.  To  test  if  a  number  is  divisible  by  g. 

Consider  any  number  such  as  3426. 
3426  ■=  3000  +  400  +  20  +  6 

=  3x(,ooo)  +  4x(ioo)  +  2x(io)+6 

=  {3'<999  +  3)  +  (4>99+4)+(2X9  +  2)+6. 

But  999  is  exactly  divisible  by  9, 
also       99  „       „  „  „ 

&"d         9  „      „  „  „ 

The  number  3426  can  be  divided  by  9  if  3  +  4-1-2  +  6, 
i.e.  the  sum  of  the  digits,  can  be  divided  by  9. 

And  the  remainder,  when  3426  is  divided  by  9,  is  the  same 
as  that  obtained  by  dividing  3  +  4+2  +  6  by  9. 


EXEBOISES    Xm. 

1.  Show  that  1836,  2176,  3024,  51232,  6328  are  exactly  divisible 
by  4     Which  are  divisible  by  8  also  and  which  by  9? 

2.  Find  the  remainders  when  the  following  operations  are  gone 
through  : 

(a)  The  difference  between  3265  and  2356,  divided  by  9.  and 
also  by  4. 

{b)  The  sum  of  3265  and  2656,  divided  by  9,  and  also  by  4  and 
by  35. 

(«)  Twice  7361  divided  by  9. 
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3.  If  a  cubic  foot  of  iron  weighs  450  pounds,  how  many  cubic 
feet  can  be  obtained  from  36732  pounds  ;  what  weight  will  be  left 
over? 

4.  The  distance  between  London  and  Sheffield  is  163  miles ; 
during  which  consecutive  journey  will  a  locomotive  joumeyin)j 
backwards    and    forwards    between   these   two  places    complete 

5.  A  number  has  two  of  its  digits  unknown,  11185^ ;  they  are 
represented  by  a  and  i.  The  remainder  when  the  number  is 
divided  by  25  is  known  to  be  6,  and  known  to  be  3  if  the  divisor 
is  9  ;  what  are  the  two  digits  ? 

6.  In  (s)  find  the  possible  numbers,  if  both  are  known  to  be 
exactly  divisible  by  36  {i.e.  by  4  and  by  g). 

7.  Supply  the  missing  figures  in  the  following  example  on 
division,  worked  by  the  Italian  method  : 

3**::^  Quotient 

668 

194= Remainder. 

8.  How  many  pieces  of  cloth  128  inches  in  length  can  be  cut 
off  from  a  roll  3646  inches  long  ;  what  length  will  be  left  over? 

9.  How  many  numbers  less  than  1500  are  exacdy  divisible 
by  51? 

10.  A  number  is  dirided  by  another  by  the  method  of  factors, 
thus: 

^)'*'*rem.3 

***rem.  4        Total  remainder=3S- 
Wbat  is  the  first  divisor  ai 
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7.   ARITHMETICAL  AVERAGES. 

Arithmetical  aveiuges. — The  word  average  is  used  in  a 
variety  of  senses  ;  but  when  the  sum  of  a  number  of  quantities 
is  divided  by  that  number,  the  result  is  termed  the  arithmetical 
aveiBse  of  the  given  quantities. 

Example. — Find  the  arithmetical  average  number  of  M.P.'s 
on  the  different  sides  in  the  Parliaments  quoted  below : 


Ytar. 

'833 

480  Whigs 

173  Conservatives 

1835 

380  Whigs 

373  Conservatives 

1837 
1841 

3S2  Whigs 

301  Conservatives 

367  Conservatives 

286  Whigs 

■847 

327  Whigs 

326  Conservatives 

1853 

333  Liberals 

330  Conservatives 

1857 

366  Liberals 

287  Conservatives 

1859 

348  Liberals 

305  Conservatives 

Here  there  are  8  ministries. 

Adding  the  numbers  1  Total  on  Total  on 

on  the  Ministerial  and  V  Ministerial  Side,    Opposition  Side, 

Opposition  Sides.  )  2953.  2271. 

Dividing  each  total  by  the  number  of  ministries  the  arith- 
metical average  is  obtained. 

•■  ^953*^^  =  3^9  's  'he  average  on  the  Ministerial  Side  to 
the  nearest  member, 

and  2271-^8  =  284  is  the  average  on  the  Opposition  Side  to 
the  nearest  member. 

Example. — The  average  number  of  merchant  and  other 
vessels  {not  including  warships')  launched  in  the  United  Kingdom 
from  1893-1903  inclusive  is  given  in  the  table  below.  Find  the 
arithmetical  average  of  the  number  launched  per  year ; 
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Vat. 

Numbu 
rfShi,. 

i«93 

536 

.894 

614 

1895 

579 

1896 

696 

■  897 

591 

i8q8 

761 

1899 

726 

1900 

691 

igoi 

639 

190a 

694 

1903 

697 

ARITHMETICAL  AVERAGES 


Add  the  number  of  ships 
and  divide  by  the  number 
of  years  (ii)  to  obtain  the 
arithmetical  average. 

Total  number  of  ships 
-7225. 

Arithmetical  average  =  657 
to  the  nearest  exact  number 
of  ships. 


Example. — During  the  four  years  1902-1905  itulusive,  the 
aritkmelical  average  of  the  number  of  ships  (not  warships)  under 
construction  in  the  United  Kingdom  was  412  per  year,  the 
nu-mber  during  1902,  1903,  1904  were  388,  393,  393  respectively. 
How  many  ships  were  under  construction  during  1 905  ? 

Since  the  average  number  per  year  for  4  years  =  4i2, 
the  total  number  during  the  4  years  =  1648, 
the  total   number   during    1902-04  =  388  +  393  +  393"  1 174; 
.'.  number  during  1905  =  1 648  -  1 1 74 
=  474- 


EXEB0ISE8    XTV. 

N.B. — In  all  the  examples  below,  the  average  asked  for  is  the 
arithmetical   average,  and   the    answer  is   to   be    found   to  the 

1.  There  are  10  bags  of  oranges,  the  bags  containing  the 
following  numbers  of  oranges  :  8,  9,  1 1,  7. 6,  9i  7i  9i  8,  7.  Find  the 
average  number  of  oranges  contained  in  each  bag. 

2.  There  arc  5  piles  of  coins,  10  coins  in  one  pile,  8  in  the  next 
and  6  each  in  the  remaining  three.  Find  the  average  number  of 
coins  in  each  pile. 
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3.  In  a  school  there  are  13  boys  in  Form  I.,  12  in  Form  II., 
14111  Form  III.,  IS  in  Form  IV.,  10  in  Form  V.  and  6  in  Form  VI. 
Find  the  average  number  of  boys  in  each  Fonn. 


i.  The  number  of  depositors 
in  the  Post  Office  Savings  Bank 
for  the  years  1894.1903  inclusive 
is  given  in  the  accompanying 
table.  Find  the  average  number 
of  depositors  (in  thousands) 
during  that  time : 


Y»r. 

In  ihouMnds. 

,894 

^897 
1898 
1899 
1900 
1901 
190Z 
1903 

6,109 

6,454 
6,862 
7,240 
7,631 
8,047 
8,440 
8,788 
9,133 
9,404 

6.  (1)  Find  the  average 
number  of  letters  received  per 
head  per  annum  at  the  various 
Post  Offices  in  the  United 
Kingdom  during  the  period  as 


Y«r. 

LiKeis 
Per  Head. 

1896-1897 

48 

1897-1898 

SO 

1898-1899 

1899-1900 

55 

I9OO-I9OI 

56 

I9OI-I9O2 

59 

1902-1903 

1 903-1904 

(1*)  Draw  up  also  a  table  showing  the  yearly  increase  in  the 
number  of  letters  per  head,  and  calculate  the  average   yearly 

increase. 
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6.  rind  the  average  number 
of  seamen  in  the  British  Na.vy 
during  the  period-i889-i890  to 
1904-1905. 


v«.. 

Seamen. 

1889-1890 

189(^7891 

54,918 

i89i-t892 

56.995 

1892-1893 

49,133 

1893-1894. 

SM28 

.894->895 

1895-1896 

1896-1897 

1897-1898 

70,472 

1898-1899 

75.709 

J 899-1900 

70,322 

1900-1901 

1901-1902 

85,323 

1903-1903 

88,691 

1903-1904 

93.385 

1904-1905 

101,287 

7.  Find  the  average  number  of  day  schools  inspected — (a) 
England  and  Wales,  (d)  Scotland,  (1:)  Ireland— from  1894-1903 
inclusive. 


W  England  and 

W  Scotland. 

M  IBBLANB, 

1894 

19.709 

3.053 

8,505 

189s 

19,739 

8,557 

1896 

19,848 

3.083 

1897 

19,958 

3,086 

8,631 

1898 

19.937 

3,067 

8,651 

.899 

20,064 

3,062 

8,670 

20,  TOO 

1901 

20,1  16 

3,Mi 

8,692 

1902 

8,712 

1903 

20,173 

3,149 

8,720 
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8.  The  average  mean  temperatures  at  Greenwich,  in  degrees 
Fahrenheit  for  each  month  excepting  November,  of  a  certain  year 
are:  January  37°,  February  39°,  March  41°,  April  45°,  May  53°, 
June  59°,  July  62°,  August  61°,  September  55°,  October  50% 
December  40°. 

If  the  average  temperature  for  the  12  months  is  known  to  be 
49°,  find  the  average  temperature  during  November. 

9.  The  average  dates  at  which  the  following  spring  migrants 
arrive  and  leave  the  British  Isles  is  given  below  : 


Cuckoo 

April   14 

Aug. 

Swallow 

April   «o 

Oct. 

Treepipit 

April  iS 

Sept. 

Sand-martin 

April    9 

Oct. 

Martin 

April  14 

Oct. 

Nightingale 

May     8 

luly 

Landrail 

April  10 

Oct. 

Find  the  average  dates  of  arriving  and  of  leaving  of  the  birds  as 

10.    Find  the  average  (a)  population,  (_i)  acreage,  (e)  number  ol 
emigrants  from  the  counties  of  Ulster  at  the  times  spiecified  : 


COUBTIBS. 

(a) 
Popul^ion. 

E«fnt  in 

Emi- 

gnwu. 

Ulstes. 

190.. 

.8,,. 

■903- 

Antrim  and  Belfast  co.  boro. 

461,240 

711,276 

3,042 

Armagh       ,         -         ,         - 

313,036 

758 

Cavan          .... 

97!368 

467,025 

978 

Donegal      .        .        .        - 

173,625 

1,190,268 

1,045 

Down          .        .        .        . 

289.335 

611,927 

i,3>7 

Fermanagh 

65,243 

417,665 

310 

Londonderry  and  co.  boro. 

144.359 

85s 

Monaghan  ...        - 

74,505 

403 

Tyrone        .... 

150,468 

778,943 

962 
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EXEB0I8ES    XV. 
WBcallaneaiu. 

[Apparatus :  Squared  Paper.} 
1.    Draw  a  figure  such  as  ABCD,  representing  the  square  of  i?  i 
also  AEFG,  representing  the  square  of  13. 
Produce  QF  to  H,  mark  off 


CK  equal  HB  and  complete 
as  in  the  figure. 

Show  from  your  figure  that 
178-13!=  30x4. 

2.    Draw  figures  showing 


that 


iS^-?* 


25x11. 


-io«=a6x6. 

3o3-29'=s9Xi. 

State  in  words  the  general  result  you  have  obtained. 

3.  In  the  accompanying  figure, 
note  the  numbers  represented  by  the 
figures  marked  a,  6,  c 

Then  use  your  figure  to  find  the 


4.   Dt 

the  SI 


2+3+4+5+6+7+8+9- 
similar  figure 


find 


lof 


{a)  I,  2,  3,  4,  S,  6,  7,  8. 
{b)  I,  2,  3,  4,  5,  6,  7- 
5.   Find,  by  a  similar  method,  the 
sum  of 

(a)  1  +  3+5+7+9+"- 
(fi)  1+4+7  +  10+13+16+19. 
(f)  i  +  3+5+etc.,  until  there  are?  terms. 
(rf)  i+4+7  +  io+etc,  until  there  are  8te 
(fi)  1  +  2+3+4...,  until  there  are  12  term 
(/)  3+S+7  +  —  ,  until  there  are  7  terms. 


23456788 
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EXSBOISES    XVI. 
■liotilatwoiu. 

1.  In  four  villages  the  populations  of  which  are  2952.  896,  1528 
and  962 ;  3267  are  males.  What  is  the  total  population  and 
how  many  females  are  there  ? 

2.  Three  heaps  of  bricks  containing  7S60,  9428  and  12064 
are  to  be  cleared  away  in  cartloads  of  345  bricks  each.  How  man)' 
loads  will  have  to  be  taken  and  how  many  bricks  left  ? 

3.  The  population  of  a  town  on  theist  Jan.,  1904,  was  78,563. 
During  the  year  942  fresh  people  came  to  live  in  it ;  329  people 
left  it ;  there  were  1964  births  and  1428  deaths.  What  was  the 
population  at  the  end  of  the  year  ? 

4.  A  vessel  has  to  take  a  cargo  of  3470  tons.  Of  this  1874 
tons  are  coal,  1473  tons  coke,  and  the  remainder  is  cement.  What 
is  the  amount  of  cement? 

5.  At  a  football  match  there  were  I34peo;ricon  each  of  13  rows 

in  the  grand  stand  ;  7  times  the  number  in  the  second  seats  ;  and 
in  the  third  seats  476  more  than  in  the  other  two  places,  ^\^lat 
was  the  total  number  of  spectators  ? 

6.  What  number  must  be  added  to  7342  to  make  it  equal  to  the 
product  of  879  by  19  ? 

7.  The  restoration  of  a  church  requires  .£6500^  Towards  this, 
there  are  3  subscribers  of  ^100,  14  of  ^^50,  32  of  ^25,  8  of  ^^20, 
70  of  ^10,  75  of  ^5.    What  amount  is  unsubscribed  for? 

8.  A  house  has  4  floors,  with  8  windows  to  each  floor,  and  each 
window  has  12  panes.     How  many  panes  would  32  such  houses 

9.  What  is  the  least  number  which  must  be  added  to  718456 
so  as  to  contain  S$  an  exact  number  of  times? 
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10.  By  how  much  must  5384  be  increased  so  as  to  be  equal  to 

11.  In  a  long  division  sum  the  quotient  was  7054,  the  divisor 
was  572  and  the  remainder  342  ;  what  was  the  dividend? 

12.  To  the  sum  of  9832  and  5;  16,  add  their  difference. 

13.  Among  how  many  pensioners  may  ^£2100  be  divided  so  as 
to  give  each  one  ^37,  and  what  sum  remains  undivided  f 

14    Kind  the  sum  of  the  prime  numbers  between  60  and  100. 
N.B.—A  prime  number  is  one  which  has  no  factor  other  than 
unity. 

16.  The  water  from  a  coal  pit  is  being  pumped  up  by  an  engine 
at  the  rate  of  3  strokes  a  minute,  and  delivering  350  gallons  at 
each  stroke.    What  amount  is  pumped  in  24  hours? 

16.  The  product  of  two  factors  is  1 580877  and  one  of  the  factors 
is  783,     What  is  the  other? 

17.  Multiply  one  million  one  thousand  and  one  by  one  hundred 
thousand  one  hundred,  and  express  the  result  in  words. 

18.  The  quotient  in  a  division  is  479,  the  dividend  is  3476418 
and  the  remainder  is  794  ;  what  is  the  divisor? 

19.  What  is  the  smallest  number  which,  when  subtracted  from 
99099,  will  make  it  exactly  divisible  by  909  ? 

20.  When  128  apples  are  takenaway67  times  from  a  store  there 
are  44  left.     How  many  were  there  at  first? 

21.  From  98,765  subtract  any  other  smaller  number  consisting 
01  the  same  five  digits  in  a  different  order,  and  divide  the  remainder 
by  9.     Why  must  the  remainder  be  divisible  by  9? 

22.  Multiply  together  1.634,797  and  73,946,  and  explain  any 
short  method  you  know  for  verifying  the  correctness  of  the  product. 
How  is  it  adapted  for  the  verification  of  a  quotient  ? 
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23.  The  following  is  a  summary  showing  the  value  of  the 
exports  from  the  United  Kingdom  of  articles  manu&ctured  (or 
partly  so),  excluding  foods,  drinks,  tobacco,  and  ships.  Find  the 
totals. 


D„»„,.,., 

WiSDS. 

W 1894. 

W.8<IS-      - 

W.B96. 

Certain  Foreign 

Countries  ; 

i 

I 

I 

Z 

Germany 

14,853,000 

14,550,000 

17,297,000 

Belgium        - 

6,429,000 

6,829,000 

6,516,000 

6,947,000 

Holland 

8.628,000 

8,137,000 

6,725.000 

7,542,000 

France  - 

10,293,000 

Russia  - 

5,807,000 

6,023,000 

3,2 16,000 

3,044,000 

3,437,000 

3,476,000 
18,129,000 

United  Suies 

Total  of  above! 
Countries  / 

31,087,000 

16464,000 

24,985,000 

24.  Values  are  given  of  Imports  into,  and  Exports  from,  Tunis 
in  each  of  the  years  1892  to  1899  inclusive,  distinguishing  separately 
trade  with  France,  Inter- Colonial  trade,  and  trade  with  Foreign 
Countries.  Add  up  the  quantities  horizontally,  filling  up  the  entries 
under  the  heads  of  Total. 


v.... 

!..»..» 

Fronx 

cXniM." 

Ftoni  Finvign 

ToBl. 

,852 
1893 
1894 

l8» 

i,om  Frwics. 

ao,774 

21,736 
22,942 
23,309 
25,563 
27,872 
29,876 
34,264 

2,665 

1,613 

.,536 
2.537 
2,073 

1,851 

LOW  FniKt. 

15,867 
15,044 
17,026 

'9,395 
19,345 

23,4'! 

21,571 
19,663 
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ExfOBTS. 

FrlSc 

Colonl^ 

'cJn.d«" 

TM.L 

,,»o  Francs. 

I,™  Frana. 

,,™  F«nc5. 

.,™F,an«. 

.892 

20,965 

6,105 

10,130 

1393 

14,521 

4,892 

10,272 

1394 

19.874 

6,038 

1895 

26,348 

1896 

20^23 

1897 

22,179 

4,078 

10,474 

1898 

14,068 

1899 

26,714 

4,24s 

18474 

Value 


e  given  of 


(«)  Imports  into,  and 

(i)  Exports  from, 
Algeria  in  each  of  the  years  1892  to  1901  inclusive,  distinguishing 
separately  trade  with  France,  Inier-Colonial  trade,  and  trade  with 
Foreign  Countries.    Add  up  the  quantities  horizontally,  filling  up 
the  entries  under  ihe  heads  of  Total 


IHP 

RTS. 

Fun". 

tSwes!' 

'S.'S'"      I— ■ 

.,o»  F.ancj. 

I.ooo  FraiKB. 

1,000  Fnuics. 

.,cmFrana. 

1892 

189,639 

6,114 

57.323 

1893 

184,754 

4,110 

50,834 

1894 

54,470 

1895 

203,163 

6,563 

51,486 

217,802 

5.326 

52,671 

3,889 

56,837 

1898 

225,53s 

6,742 

59.946 

1899 

260,422 

3,979 

55,447 

1900 

259,355 

5,471 

58,992 

1901 

258,977 

70,545 
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Y««. 

E.ro,T. 

To 

Tooiher 
Colonics. 

To  Forngn 

Towl. 

1892 
1893 
1894 
1895 
1896 
1897 
,898 
1899 
1900 
igoi 

200,197 
148,415 
213,848 
253,293 
203,780 
245,979 

232.' 37 
279,675 
173.467 
207,099 

3,1 77 

3,373 

4,170 

9,843 
6,785 

l%l 

11,966 
12,3^9 
7,492 

40,599 
40,840 
47,695 
44,646 
36,845 
42,436 
44,740 
54,774 
56,521 
52,250 

1.000  Francs. 

26.    Find  the  totals  in  the  following  table  : 

Statement  showing  (he  Tonnage  of  Foreign  Sailing  Vessels, 
distinguishing  the  Nationalities,  entered  with  Cargoes  at  Ports  of 
the  United  Kingdom  from  the  under- mentioned  British  Colonial 
and  other  Possessions  during  the  year  1902, 


,..,'A,„. 

o^t. 

,^SL 

rI'L 

S.S,... 

o"^«. 

Channel  Islands    - 

Burma  - 
Australia- 
West  Australia  - 
South  Australia  ■ 
New  South  Wales 
Victoria     - 
Queensland 
New  Zealand 
Canada 

Newfoundland       - 
West  Indies  -         - 
British  Honduras  ■ 
British  Guiana 
All  other 

Total      - 

6S4 

97 

831 

1.926 

I.80S 

3.3'8 

ti& 

6,849 
a,78S 
3-900 

11,677 
7.128 
5,637 
3.284 
',243 

lis 

',437 

2,760 
2,529 
3.780 

779 
491 

"758 

3,683 

SI 

3.359 
4.231 

870 

l.4«4 

2,721 

2.547 
1,460 

I.'?" 

'800 
S.20S 

i.iiS 

I.6S7 
4,830 
3,309 

3,302 

2,885 

357 

3.054 
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27.  (a)  The  destination  of  the  coke  exported  by  the  Westphalia. 
Coke  Co.  has  been  as  under  : 
Find  the  total  export  each  year. 


DEniHATIOH    OF  COKE  EXPORTS. 

.^       1       ■^.. 

.^. 

Mclric  Tom.- 

M«.ic  Tods. 

MtlrEc  Tons. 

France        ,        .        -        - 

784,688 

782,220 

710,870 

Belgium 

188,689 

66,216 

'  53,947 

Holland 

40,052 

4i,T9S  ■ 

47.778 

Switzerland 

95,055 

103,030 

'00,305 

Italy    • 

24,80s 

35,338 

33,687 

Spain  - 

16,255 

5.750 

30.327 

Austria 

302.634 

237,422 

186,405 

Russia 

88,158 

42,793 

75,6,2 

Sweden 

33^523 

29'3<S 

32.665 

Norway 

'3,392 

,2,780 

2. ,378 

Denmark 

21,023 

13.913 

i5.'67 

England 

8  50 

i,S4o 

2.346 

Uoumania 

2,950 

Greece 

3.820 

4,120 

3.375 

Asia  Minor 

1,630 

Asia     • 

4,385 

6,047 

5,807 

Africa  - 

502 

T,3a> 

1.990 

America 

39,268 

71,112 

183.895 

Australia     .        -        .        - 

2,487 

5,000 

,,845 

Tota 

Ihao  the  British  (c 


•r  Tona/au  equals  roughly  a: 


{t)  Find  also  the  average  yearly  exports  during  the  period 
1900-1902,  to 

(i)  Austria, 

(c)  Denmark, 

(d)  America, 

(f)  Asia,  Africa  and  Australia. 
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Books,  printed  - 
Caoutchouc 
Chemical  products 
Coal,  produces  of 
Cotton;  Yarn  - 
Manafactures  - 
Cydes 
Earthen  and  china  war 

Grease,  tallow     ■ 
Habetdashery  and  millinery 
Hardware  a.m  Cutlery 
Hats  of  all  sorts - 
Implements 

Manufactures  - 
Machinery  and  Millwork  : 

Sewing  machines 

Steam  engines 

All  other  sorts 
Manure 

Medicines,  Drugs 
Metals,  Iron  and  Steel : 

Other  iron  and  steel 

All  other  metals 
Oil  and  floor  cloth 
Oils  .... 
Painters'  O'lours 
Paper  of  all  sorts 
Silk: 

Thrown,  twist  ot  yarn 

Manufactures  . 
Stationery,  other  than  paper 
Wool,  flocks,  noils,  waste,  and  combed 
Woollen  and  worsted  yani  - 
Yarn,  alpaca,  mohair,  and  other  ! 
Woollen  and  worsted  manuiactun 


!»S.934 
289,975 
242,674 
1,894,124 
1,770,261 

32.868 
'34,5"   , 

39.599  ' 
"05.995 

42,327 
154.475 

51.038 


148,774 
324: 1 8i 
1.71S.367 
329.769 
5&.459 

316,910 

2,427.121 
491,176 
327,779 
56.653 
140,727 

S8!i34 

77.594 

84,136 

73,453 

1.035.673 

3.>59.i'2 

1,168,625 

976,327 


69.97' 
179,792 
306,148 
292.907 
'.762,873 
2,081,044 
18,567 

47.5*4 
72,65s 
39.749 
139,024 
40.319 
52,792 
4'3.776 
213,360 
287.547 
'78,803 
314,717 
1.547.277 

53)044 

276,710 
2,645,283 
350.443 
353.673 
42,686 
229,546 
125.539 
58.742 

52.476 
77.372 
63.4" 
652,102 
2.863.939 
1,022,259 
879.903 
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(Use  the  values  of  Exports  given  in  the  Table  on  page  52  for 
Exercises  28,  39  and  30,) 

28.  Find  the  total  value  of  the  following  Exports  in  the  three 
years  1899,  1900,  1901  ; 

(a)  Cotton  yarn  and  manufactures. 
(d)  Haberdashery  and  millinery  and  hats. 
(c)  Linen  yam  and  manufactures. 
(d)  Silk  of  all  kinds, 
(f)  Wool,  and  woollen  and  worsted  yam. 
(y)  Machinery  and  miUwork. 
{£■)  Metals  of  all  kinds. 

29.  Find  the  total  value  of  Exports  in  (a)  1899,  (1*)  1900, 
W  I90I. 

30.  Find  the  average  value  of  the  Exports  for  the  three  years 
under  the  heads  of  (a)  cotton,  (i)  linen,  (1:)  cotton  and  linen 
together,  (if)  machinery  and  millwork. 


&   BRITISH   MONEY  SYSTEMS. 

The  coins  used  in  the  payment  of  British  money,  with  their 
relative  values,  are  as  follows  : 

4  farthings  =  2  halfpennies  =  i  penny. 
These  are  the  only  "  copper  coins  ; "  they  are  styled  copper, 
although  actually  made  of  an  alloy. 
12  pence  ^  i  shilling. 
20  shillings  =  i  aoTereign  or  pound  sterling. 
A  number  of  pennies  is  expressed  by  writing  a   V  after 
the  number,  a  halfpenny  by  ^d.,  a  farthing  by  |rf.,  and  three 
farthings  by   ^d.     Shillings  are  expressed  by  numbers  with 
s.  after  them,  and  sovereigns  by  numbers  with  J~  after  or 
before  them. 

Thus,    x^3.     14^.     8|^.    expresses   three    pounds,    fourteen 
shillings,  eight  pence  and  three  farthings. 
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In  terms  of  the  pound,  shilling,  pence  and  farthing  all  sums 
of  money  are  expressed,  but,  for  convenience  of  exchange,  use 
is  also  made  of  the  following  coins ; 

Threepenny  Piece  worth  3  pence  ($d.). 

Sixpenny  Piece  „     6      „     (6^.). 

Florin  „     2  shillings  (2s.  or  2/-). 

Half  Grown  „     a  shillings  and6  pence(2j.  dd.OT^jG). 

FouTBhilling  Piece     „     4  shillings  (4^.  or  4I-). 

Grown  „     5        „       (gj.  or  5/-)- 

HaJf  Sovereign  „  10        „      (10^.  or  10/-). 

A  gold  coin  called  a  Guinea,  having  the  value  of  2\s.,  was 
formerly  current  in  Great  Britain,  but  is  not  now  used,  though 
payments  to  professional  men  are  frequently  expressed  in 
guineas. 

It  is  useful  to  be  able  to  express  sums  of  money  either  in 
pence,  or  in  shillings,  or  in  pounds,  and  vice  versa. 

Example  1, — Express  ;£z.  ^s.  $d.  in  pence, 

£,2.  ^s.  sd.  =  431.  5d.  ■.'  j£2  are  equivalent  to  2  x  20  shillings; 
4is.  5d.  =  S2id.  ',■  43f.  are  equivalent  to  12  x  43, />.  516  pence; 
or  shortly,  £2.  3s.  $d.  =  43J.  s<^  =  5^  id. 

Example  2. — Express  2349  farthings  in  pounds^  shillings 
and  pence. 

2349  farthings  =587^^,  V   4  farthings  =  irf. 

587!  pence  =481,  \\\d.  Divide  587  by  12,  since  \2d.  =  \s. 
48J.  \i\d.  =^2.  8j.  ri^^.  Divide48by  20,  since  20J.  =  j^i, 
or  briefly,  2349  farthings  =  587^i^.=48j,  \\\d.= -^2.  %s.  T.i\d. 


EXERCISES    ZVII.  a. 

1.  Draw  up  a  table  showing  the  value  in  pence  of  each  number 
of  shillings  from  1  to  20. 

2.  Draw  up  a  table  showing  the  value  in  shillings  and  pence  of 
20  pence,  30  pence,  40  pence, ...  up  to  100  pence. 
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EZEBOISES    XVn.  b. 
Hental  or. Oral 
L   Give  the  pence  values  of: 

{«)  2s.  6d.,  (»)  y.  4d.,  ic)  4^.  2d,  (d)  Ss.,  (e)  6s.,  (/)  7s.,  (g)  Ss.:  ... 

2.    Slate  the  value  in  ^.  J.  rf.  of: 

(a)  300  pence,  (*)  240^.,  {c)  saod.,  {d)  fiood.,  {e)  720^.,  (/)  840^., 
ig)  lyxtd.,  (h)  96orf.,  {i)  looorf 

EXEBCI8ES    XVH  c. 

1.  Express  the  following  sums  in  their  pence  equivalents  : 
U)  £3-  ■4^-  7rf-,  (*)  £7-  i8x.  6d.,  (^)  ^49.  i6t.  2<^, 
(rf)  jC590-  14J.  ii-^.,     W  JC704.  af-  5rf-.       (/)  £9674.  ijr-  I''-. 
C?>  ^;ooS-  "2*-  4^-<   (-*)  £17023-  i3j.  7'^. 

2.  How   many   sixpences   are   there   in   tte  following   sums  of 

(")  £73-,  (i)  £14.  7s.  6rf.,  (c)  £205.  ry.  6d., 

{d) £7o<yi.  lu.  M.,     (i)  £2963.  OS.  6d.,     {/)  £1934.  2s.  6d., 
(^)/i8347-  iJ-  M.,    W  £10304.  191-  6rf. 

3.  Reduce  each  of  the  following  sums  to  threepences  : 

(a)  in.  5J.  9rf,  (i)  £2^  6s.  3d,  {c)  £294-  7s.  6d., 

(rf)  £4834-  OS.  9rf-,       W  £200.  or.  3rf.,       (/)  £965.  18^.  6d., 
ig)  £304^-  "■  9'^;      (-*)  j£597.  los. 

4.  Convert  the  following  sums  into  their  equivalent  number  of 
gruineas  : 

(<')£2i,  (i)£3'-  los.,  (c)  £47- is.,  (d)  £9S-  i"-.  (e)  £1 S4- 7s. : 
and  the  following  into  pounds  and  shillings  : 

</)  "35  guineas,  {g)  738  guineas,  (A)  537  hali^uineas,  (0  3149 
half'guineas. 

5.  Express  each  of  the  following  amounts  in  pounds,  shillings 
and  pence : 

(a)  759ferthing3,       (^)  3159  farthings,      (^)  6289  half-pennies, 
{</)  3576  pence,  (e)  19053^.,  (/)  71936  farthings, 

(£■}  793  threepenny  pieces,  (A)  9452  sixpences. 


;dbv  Google 


A   MODERN   ARITHMETIC 


9.   COMPOUND   ADDITION. 

Example. — Find  the  sum  of  £,2-}.  8j.  91/,  ;^3i.  i%s.  \o\i.. 

The   amounts   are   arranged   in    vertical   columns,  keeping 
pounds  under  pounds,  shillings  under  shillings,  etc. 
y-  ,  The  operation  is  as  follows : 

■^'    g  {a)  Obtain  the  total  of  the  farthings -5 

'  °|  farthings=  i\d. ;  set  down  the  \d.  under  the 

^'  I         farthings  and  carry   the    \d.  to  the  pence 

^57     P    5%        column. 
£,2\6     2     \\  {h)  Similarly,    the    total    of    the    pence 

'  column  with  the  id.  added  =  25(/.  —  2j.  \d.; 
the  id.  is  set  down  under  the  pence  column  and  2s.  carried 
to  the  shillings  column. 

{c)  The  total  of  the  shillings  column  with  the  2s.  carried 
=  22S.=£j\.  2S.;  the  2s.  is  set  down  under  the  shillings  and 
the  £1.  is  carried  to  the  pounds  column. 

{d)  The  pounds  are  summed  as  in  simple  addition,  so  that 
the  total  is  ^216.  2s.  i^d. 

The  sums  to  be  added  may  be  arranged  horizontally  and 
then  added,  care  being  taken  not  to  confound  the  figures  of  the 
different  names. 

Thus  the  sum  of 
£2y.  Ss.  ^.,  £ii.  i2S.  loK-,  £iS1-  OS.  sH--£2i6.  2s.  ij^ 


EXERCISES    XVin.  a. 
Mental  or  Oral 
Find  the  totals  of  the  following  : 

1.  (o)  4irf..  M.,  7irf.,  S-^-;  (<*)  '"^-  9d;  iod.,6d.;  {c)  5jrf.,  6id, 
9|rf.,  2jrf. ;  (d)  ^d.,  IJ.  3jrf.,  gd.,  ^d.,  lod.,  yi. ;  {e)  is.  ^A,  2s.  bd., 
2d.,  4J. ;   (/)  7J-.  6rf.,  y.  4^.,  91.  2d.,  i8j.  6rf. 

2.  ((i)  ly.  sd.,  2s.  sd,  2d.;  {i)  Sj.  y.,  6j-.  9^.,  2s.  arf.,  21.  lorf.; 
(c)  IS.  4jrf.,  IS.  2y.,  is.  oid.,  lojrf. ;  (rf)  7s.  6d.,  y.  6d.,  is. Sd.,y.4d.; 
is)  2s.  id.,  4s.  8rf.,  7s.,  6s.;  {/)  lo^d.,  is.  9,\d.,  sd,  4s. 
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EXEBCI8BS    ZVm.  b. 


Find  the  sum  of  the  following  ai 

1.  ^29.  161.  5rf.,  ^38.  15J.  S'i;  ^io2-  ar.  srf.,  £<}y  I8s.  4i<f., 

2.  ^£304.  iS-f'  2d.,  ^796.  18s.  7lrf.,  ^£42.  loj.  5^.,  ;£i9o3-  '7^-  5-^. 
'4^- glfi,  ^24-  iS'f-  8rf. 

3.  j£750-  '8s.6d.,  /3059.  17J.  loja".,  ^9.  7^- y,  ^845.  6  j.  9^., 
X7364-  1 1  J- 9^ 

4.  ;£384-  01.  8rf.,  ^7132.91.  iiirf.,  ;£34.  15^.  loti,  ^£413.  is-r.  Si^., 
^70569.  14J.  7|rf. 

5.  ^76.  13^-  4i<I-,  j£903-  '  8j.  9l<'.,  ^5760-  5^-  8|rf--  ;£973Z-  14^-  7-^, 
^376.  i^f.  5^,  ^rooio.  15J.  9a'. 

6.  ;^3045-  "7-r-  io<f;,  ;£94-  3*-  Si-^.  -£897-  'o^',  ^7o45-  6j.  3i-f., 
;f;903.  iss.  8itf.,  £6904.  13^.  8|</. 

7.  ^693.  4r.  7*'i'-'  ^843.  16s.  ojrf.,  ;£9763.  or.  3jrf.,  ^584.  iB.t.  9^, 
^3692.  4J.  yd.,  £619.  I2J.  7i^,  ji;48.  7-f-  3^.,  Z7043-  ISJ'-  9^. 
^3.  8j.  7rf.,  ^19.  i&r.  3|rf.,  12J.  5^rf.,  ^£39.  6s.  Bd 

8.  ^7.  i8j.  9^,,  ^5.  17J.  3rf.,  ^^409.  15s.  o^rf.,  ;£72.  13J.  8|(£, 
-£615-  3s-  7H,  /2094.  15J.  8^.,  ^13.  14J.  sjrf.,  /783-  W-  nirf-, 
^39-  tut.  2^.,  £4.  13s.  5U,  i6j.  sirf.,  ;£32.  i8j.  r.^- 

9.  What  is  the  total  of  the  following  collection  :  7  sovereigns, 
13  half-sovereigns,  1 1  crowns,  29  half-crowns,  37  florins,  93  shillings, 
231  sixpences  and  853  pennies  ? 

10.  Find  the  total  value  of  84,762  penny  newspapers  and  105,763 
half-penny  ones. 

11.  At  a  concert  the  following  amounts  were  taken:  193  half- 
cvDwns,  213  florins,  419  shillings  and  97  sixpences.  What  were  the 
total  takings  ? 

12.  The  takings  at  a  shop  were;  on  Monday  ^Ji?.  8s.  3^.,  on 
Tuesday  ^13.  131.  gd.,  on  Wednesday  ^1.  5s,  lod.  more  than 
Ml  Tuesday,  on  Thursday  £20.  us.  6d.,  on  Friday  ^8.  131.  4^., 
on  Saturday  £2.  js.  lo^d.  more  than  on  Thursday  and  Friday 
together.     What  was  the  total  amount  ? 
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13.  What  is  the  money  value  of  93  sixpenny  magazines,  5093 
penny  papers  and  7153  half-penny  papers. 

li.  The  moneys  paid  every  fortnig^ht  as  wages  by  a  certain 
manufacturer  in  3  months  were;  £79-  13-f-  S'^-.  £(>S-  "S-^-  A/^-, 
£82.  19J.  50:,  £76.  I2s.  yd.,  Ln.  <Ss.  ^d.  and  li\.  15^.  <)d. 
What  was  the  total  amount,  and  how  many  sixpences  would  it 
be  equal  to  ? 

15.  At  a  certain  turnstile  the  following  payments  were  received  : 
1951  sixpences,  5035  threepences  and  1751  pennies.  What  was  the 
total? 

16.  5  persons  A,  B,  C,  D,  E  form  a  pool :  A  puts  in  £,%oo, 
B  496  shillings  more  iban  A  ;  C  puts  in  as  much  as  A  and  B  ;  D  puts 
in  473  guineas  and  980  crowns  ;  E  as  much  as  C  and  D.  What  is 
the  value  of  the  pool  ? 


10.   COMPOUND  SUBTRACTION. 

The  process  of  subtracting  one  amount  from  another  of  like 
kind  may  be  seen  by  considering  an  example. 

Example. — Take  ^£93-  t4s.  $\d.  from  ^aoo.  91.  z\^- 

Place  the  latter  amount  first  with  the  smaller  under  it. 
£.     s.    d.  Proceed  as  follows  :  (a)  \d.  cannot  be  taken 

200     9     3J         from   \d.      Take   id.   from  the  ^d.  in  the 
93  14     S^        pence  column.     Ji/.  from  a  ti/.  is  J</.,  which 

'^ — ^ 3         with  the  \d.  makes  \d.     This  is  set  down 

■^  4     9?         under  the  farthings. 

(b)  ^d.  cannot  be  taken  from  2d.  Hence  take  i.'.  from  the 
9J. ;  and  ^d.  from  is.  is  jd.,  which  with  the  id  remaining  in  the 
pence  column  gives  ()d.     This  is  set  down  in  the  pence  column. 

(<■)  14J.  cannot  be  taken  from  8s.  ;^t  is  taken  from  the 
;£  column.  Now  14s.  from  a  j£  leaves  6s.,  which  with  the  Ss. 
remaining  gives  14s.     This  is  set  in  the  shillings  column. 

(d)  Taking  ^£93  from  £1^9  leaves  ^106. 

(e)  The  remainder  is  ;^io6.  14J.  gjjrf. 
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EXERCISES    SIX.  a. 
HenUl  or  Oral 

1.  Take   8|rf.   (a)  from    is.,    (i)  from   is.  &/.,  (c)  from  2s.  bd., 
(rf)  from  4J-.  2rf.,  (e)  from  7J-.  bd.,  (/)  from  loj.  91/. 

2.  Take  loji^.  (a)  from  is.,  (*)  from  zj-.  61/,  (£>  from  loj.,  (^  from 
\\s.  2d,  (e)  from  I7J-.  6d.,  (/)  from  au. 

3.  How  much  is  ss.  gd.   (a)  short  of  4s.,   (#)  short  of  7s.  bd, 
(()  short  of  lot.,  (rf)short  of  ijj.  8rf.,  (e)  short  of  aw.? 

4.  What  must  be  added  to   ly.  ^d.  (a)  to  make  iBj.,  (*1  to 
make  £1,  (c)  to  make  £t.  is.} 

5.  What  must  be  taken  from  aoi,  <a)  to  leave  141.  7jrf.,  (b)  to 
l«ve  1 1  J.  lorf.,  (f)  to  leave  7j.  jld.,  (rf)  to  leave  U.  ijrf.? 


EXESCISES    XIX.  b. 

Find  the  difference  between  the  following  amounts  : 
1.  (a)  ;£i7.  5J.  8rf.  and  ^9.  3j.  lod. 

(6)  ^2oand^ii.oi.3irf. 

(^)  ^34.  10s.  gd.  and  3^36.  3J.  4d. 

(d)  £$i.  i8s.  lo^a^  and;£33.  ifo,  iiii 
2-  fa)  j^zoQi.  ijj.  7rf.  and  ^£184.  oj.  lod. 

(*)  /3156-  lOJ-  and  ^728.  13J.  4^. 

W  ^'053.*  IS.  td.  and  ^£706.  2J.  ^. 

("0  ;£S963a  '8j-  S''-  »nd  £7oiS9>  <«■  '''^ 
3.   (a)  ^13509.  IJf.  2^.  and  ^684.  155.  l\d. 

(b)  £ion<).  SJ.  6d  and  £994.  171.  id 

W  ^51639-  I"-  7irf- and  ^50119.  I2j.  4|</. 

((0  ^70436-  OJ-  3^-  and  £f^iy  1 IJ.  6rf. 
i  (*)  ^20563.  I7J.  Si'',  and  ^t8i37.  i&.  gfrf. 

(*)  ^75633-  "5^-  4^  and  ;£7o85-  V'  'od- 

(f)  3CSOT03.  I*.  5a:  and  ;£27639-  S*-  o^- 

{d)  ;^48o,o6o.  ly.  4//.  and  ^8119.  ioj.  Bd 
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5.  (a)  ^109,516.  or.  i)d.  and  ^9651.  as.  lojrf. 
ifi)  ^311,045.  lbs.  lorf.  and  ^;32.  14J.  \i\d. 
{C)  jC94537-  <W.  2rf.  and  £27608.  iSi.  3l<i. 
(rf)  ;£2O0,i63.  jj.  6rf.  and  £9037.  I2J.  8rf. 

6.  How  much  larger  15^752.  13J.  70^  than  £692.  i5J.8rf.? 

7.  In  order  to  pay  a  bill  of  £20.  i  jr.  91/.,  how  many  sixpences 
in  addition  to  £18.  17J,  -^d.  will  be  required? 

8.  By  how  much  must  £345-  4?-  ^d.  be  increased  so  as  to 
become  ^400? 

9.  A  house  was  sold  for^^gio.  15^.,  which  a  year  previous  was 
bought  for  873  guineas.     How  much  was  the  gain  or  loss  ? 

10.  The  takings  at  a  fete  consisted  of  2074  pennies,  927  three- 
pences, 2315  sixpences,  1195  shillings,  513  half-pennies.  What 
number  of  half-pennies  would  make  the  total  sum  taken  .£150? 

11.  A  lady  took  £1  to  market,  and  spent  the  following  sums  in 
cash  purchases  :  meat  %s.  ^\d.,  butter  5j.  yi.,  eggs  11.  4jrf.,  bacon 
IS.  3irf.,  sundry  vegetables  4^.  'i\d.    What  sum  remained  ? 

12.  A  clerk  in  giving  change  for  a  ^^5  note  gave  3  half  sovereigns, 
19  half-crowns,  twelve  shillings,  9  sixpences,  and  the  rest  in  three- 
penny pieces  ;  how  many  of  these  had  to  be  given  ? 

13.  A  debt  of  .£3500  was  contracted.  Two  payments  of 
;£493.  i8j.  id.  and  .£2839.  i6j.  id.  respectively  were  made.  What 
sum  remained  unpaid  ? 

14.  The  receipts  of  a  Company  during  the  first  4  weeks  of  the 
year  1905  were  .£1736.  151.  9^.,  £843.  14J.  yd.,  .£2019.  bs.  4^.  and 
£1875.  19^.  lorf.,  while  the  receipts  in  the  next  4  weeks  were 
^1839.  IIJ.  6rf.,  £951.  14J-  7rf-,  /2016.  5^.  9rf.  and  £1528.  131.  91/. 
Find  the  difference  between  the  takings  of  the  first  month  and 
those  of  the  second  month. 

15.  The  correct  amount  of  a  bill  to  be  paid  was  £19.  lew.  sjrf., 
but  in  a  hurry  it  was  given  as  £19.  |;^.  ioi<£  What  was  the 
amount  of  the  error,  and  in  whose  favour,  the  payer's  or  the  person 
who  received  the  money  ? 
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11.  COMPOUND   MULTIPLICATION. 

The  procedure  may  be  seen  by  consideiing  an  example. 
Example. —  WAa/  is  the  value  of  9  copper  bars,  each  worth 
£2.  15J.  \o\d. 

r  J  (")  9  halfpennies  =  4^1/.,  the  \d.  is  set 

£,.  s.     a.  down  under  the  farthings  column  and  the 

^   '5  i°i  41/.  carried  on  to  the  pence  column. 

9  (i)  9  X  iod.  +  4^.  =  94(/.  =  71.  loi^. ;  the 

25     2    10^  \od.  is  set  in  the  pence  column  and  the 

-js.  carried  on. 
{c)  ^y.■ls,s,■¥^s.  =  \^^s.  =  £t.   2s.;  the  2s.  is  placed  under 
the  shillings  column  and  £,-j  carried  on. 

id)  9^£^  +  £i  =  £^s- 

The  result,  or  the  amount,  is  £^$-  is.  loji^. 

When  the  multiplier  is  a  composite  number,  that  is,  one  which 
can  be  split  into  factors,  the  multiplication  can  be  performed 
by  multiplying  successively  by  the  factors. 

For  instance,  multiplying  by  36  might  be  done  by  6  times  6 
4  times  9,  or  12  times  3. 

Thus,  ;^ii.  101.  8i</.  multiplied  by  36 
=  ;^Ti.  los.  Sid.x  13x3=  £138.  8s.  3rf.x  3  =  ^415.  4f.  gd 

If  the  multiplier  be  a  non-composite  number  and  lai^e, 
or  if  the  factors  are  either  unknown  or  inconvenient,  the 
method  of  splitting  up  the  number  into  a  number  of  tens  and 
units,  or  hundreds,  tens  and  units,  etc.,  is  often  adopted. 
A  method  however,  of  multiplying  each  term  of  the  sum  of 
money  by  the  total  multiplier  and  converting  the  products  into 
the  next  equivalent  or  higher  term  may  be  used.  Indeed  it 
may  often  be  expedient  to  adopt  both,  so  that  the  pupil  may 
check  his  accuracy. 

Thus,  let  it  be  required  to  multiply  £2-j.  131.  S^d.  by  319. 

The  sum  may  be  done  by  process  (a)  or  {b). 
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Example  (a). — To  multiply  £2^.  13J.  i\d.  by  319. 
£.   s.    d. 
27  13     8J'<9 


o  times  the  amount 


8305     ^     3    =300 

276  16  ioi=  10 

249     3     zi=      9 


631  = 


EXAMPLK  (b). — 319  times  j^ij.  ly.  8J<i 

£.  f.  a. 

irf.x3i9=        319/=    19H     =  6  7f 

&/,  X    „    =      255zfl'.  =  2i2j.  &/.=      10  13  8 

13J.  X    „    =     4147J.  =  207  7  o 

£^7     X    ..    - 8613 

8831  6  3i 


Ofttimes   various   devices   will   suggest    themselves   to    the 
ingenious  and  thoughtful  pupil  in  dealing  with  multiplication 

319  times  ^27.  i3r.  Bid. 

=  320  times  ;i:27.  i3S.8y.-£27.  t^s.Sid. 
=  £27.  13J.  81^.X4x8xio-;^z7.  iy.8id. 


EXEB0I8E8    XX  a. 
HBBtal  or  Oral. 
Find  the  cost  o( 

1.  7  articles  at  ejrf.,  SJii,  g^d.,  is.  2d.,  is.  i\d.,  4J.  Sd.,  SS.  3d., 
6s.  gd.,  Ss.  iijrf.  each, 

2.  8  articles  at  3|rf.,  sJrf.,  Hd.,  ^d.,  is.  iid.,  2s.  id.,  y.  \\y., 
is.  i\d.,  9f.  yd.,  ly.  7jrf.  each. 
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S.  12  articles  at  3irf.,  3jrf,,  4|rf.,  s^rf.,  8^^.,  gid,  is.  ijrf.,  2s.  3irf., 
19J-.  lorf.,  2Qr.  4|rf.  each. 

Note  that  in  dealing  with  doiens  each  penny  in  the  cost  of  a 
single  article  corresponds  to  a  shilling  in  the  cost  of  a  dozen. 
Articles  \d.,  2d.,  yi.  ...  each  are  \s.,  2s.  31.  a  dozen,  and  articles 
\d.,  ^d.,  jrf.  each  are  yl.,  bd.,  gd.,  that  is,  quarter  of  a  shilling,  half 
a  shilling  or  three  quarters  of  a  shilling  a  dozen. 

Use  this  principle  in  the  exercises  marked  with  a  star. 

4.  13  articles  at  2|rf.,  8J(t,  9^0',,  lojrf.,  is.  sid,  is.  8Jrf.,  2s.  3d., 
3J-.  srf.,  3J.  iij<^».,  ftf.  lorf.,  9J-.  iijrf*, 

5.  6  articles  at  4J-.  yd.,  $s.  jjrf.,  Ss.  7^1/.,  gs.  M.,  gs.  ii^d*., 
14V,  sid,  i8j.  ?^,  2ar.  6rf.,  24J.  3^.,  25^.  grf.,  39J.  6rf«. 


EXEBCIBE8   XX.  b. 

L    Multiply  £73.  gs.  lo^d.  by  6,  8,  10,  12, 

2.  „         ^358.  as.  iiirf-by7,9,  ",  5- 

3.  ..         £49-  i6j.  B^d  by  16,  13,  19,  14. 

4.  .,         ;£79S-  '9^-  '°d-  by  '8.  '2.  '5.  '7- 

5.  „         .£843.  14J.  7|rf.  by  II,  10,  15,  19. 

6.  „         £f>09S-  '2-f-  H'^-  by  24,  36,  48,  60,  checking  your 

results  by  using  z  sets  of  factors  for  each. 
7-        .1         /i93-  'S^-  Aid  by  72,  80,  84,  128,  125. 

8.  „        £273.  8s.  9ld.  by  192,  240,  256,  105. 

9.  »         ;£597.  "S'f-Sia'.  by303,  78I,634,999■ 
10.        »         ^738-  iBj.  9irf.  by  792,  543.  729.  "024- 


3X  c. 


1.  What  is  the  total  cost  of  39  tons  of  coal  aX&s,  gda  ton  and 
43  tons  at  91.  3d.} 

2.  What  are  the  total  wages  of  8  men  at  5^  3jrf.,  23  women  at 
2s.  4d.  and  9  boys  at  is.  lod  ? 

3.  What  will  be  paid  for  a  flock  of  sheep  numbering  583  at 
£1.  191.  $d.  each? 
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4.  Find  ihe  rent  to  be  paid  for  137  acres  of  land  at  £^.  is.  "jd. 

5.  What  will  be  the  cost  of  309  tons  of  ore  at  Ts.  3j(/.  per  ton  ? 

6.  The  cost  of  a  ion  of  coal  at  the  pit's  mouth  is  ys.  ^\d.  per  ton, 
the  railway  carriage  Irom  the  colliery  to  a  ship  is  31-.  td.  per  ton, 
the  dock  charges  and  tipping  '2\d.,  the  freight  ^.  id.  and  the 
carriage  from  the  ship  to  the  final  destination  \s.  bd.  What  will 
be  the  final  cost  of  a  cargo  of  1950  tons? 

7.  A  man  purchased  73  head  of  cattle  at  £^'^  in.  91/.  each  and 
their  keep  cost  £,z\.  \oi.  bd.  What  did  they  cost  the  purchaser 
altogether  ? 

8.  18  bricklayers  working  6  days  a  week,  of  9  hours  per  day, 
receive  io|ii  each  per  hour.  What  will  their  wages  amount  to 
in  a  month  ? 

9.  Find  the  cost  of  365  yards  of  steel  rails  weighing  66  lbs. 
per  yard,  at  \d.  per  lb. 

10.  What  sum  is  required  to  pay  the  wages  of  137  men  each 
earning  £2.  i+r.  yd.,  58  women  each  earning  £i.  zs.  id.  and 
35  boys  at  igj.  43'.  each? 

11.  The  rent  charge  on  a  farm  is  the  value  of  246  bushels  of 
wheat  at  +c.  -jd.  per  bushel  and  half  the  number  of  bushels  of  barley 
at  2s.  qd.,  in  addition  to  a  fixed  sum  of  ^^b.  141.  34-  What  is  the 
yearly  rental  ? 

12.  What  is  the  value  of  63  railway  shares  at£ny  Sj.  ijd.  each? 

13.  What  sum  is  necessary  to  purchase  37  houses  at  £2ii. 
I  y.  91/.  each  ? 

li.  How  much  cheaper  is  it  to  buy  73  score  of  articles  at  8j.  <)d. 
per  score,  than  at  $^d.  each  ? 

15.  The  amount  of  wages  paid  at  a  colliery  every  fortnight  is 
^546-  '3^-  8al     What  is  that  per  year?- 

16.  What  is  the  value  of  the  yield  of  3  fields  with  a  total  acreage 
of  138  acres,  yielding  on  an  average  2  tons  of  hay  per  acre  at 
£4.  2s.  gd.  per  ton  ? 

17.  What  is  the  cost  of  gas  at  an  establishment  where  54,000  c.  ft. 
are  used  for  lighting  and  39,000  c.  ft.  for  cooking  and  heating,  the 
former  being  4^.  711;  and  the  latter  3J.  5^.  per  1000  cubic  feel  ? 


;dbv  Google 


COMPOUND   MULTIPLICATION  65 

18.  An  artizan's  weekly  earnings  being  taken  as  £1.  14;.  ^. 
per  week  and  his  expenses  as  £2<^  i&r.  jd.  per  quarter,  what 
does  he  save  in  a  year  ? 

19.  What  receipts  would  be  obtained  from  29  first- class 
passengers  at  ^■z.  ^s.  \od.  each,  78  second-class  passengers  at 
£f.  9J'.  91/.  and  135  third-class  ones  at  iS^.  $d.  each? 

20.  What  will  be  the  value  of  18  ban-els  of  oil,  averaging 
44  gallons  each  at  1  \ld.  per  gallon  ? 


12.  COMPOUND   DIVISION. 

The  examples  in  division  may  be  of  two  kinds :  either 

(1)  to  divide  a  certain  sum  of  money  into  a  given  number 
of  equal  parts ;  or 

(2)  to  find  what  number  of  sums  of  one  value  will  amount 
to  a  sum  of  some  higher  value. 

Example. — Ths  sum  of  £^1^.  8j.  t^.  was  divided  equally 
among  9  persons  ;  what  did  each  person  receive  f 

Arrange  either  as 

<A)  or  (B). 

£.    s.     d 
9|79     8     ij  £79.8s.iy.-r9  =  £8.i6s.sy. 


Proceed  as  under : 

(a)  9  divided  into  ^^79  (as  described  in  simple  division)  gives 
j£8  with  j^7  over  undivided ;  the  ;^8  is  set  down  under  the 
^  in  (a)  or  placed  to  right  as  in  (b). 

(<*)  The  £^  over  together  with  the  Ss.  =  (j  x  20s.  +  8s.) 
=  148^.,  and  148s.  divided  by  9  gives  quotient  i6s.  and  4^. 
over  undivided:  the  16s.  is  placed  in  its  proper  column  or 
position. 

(1-)  The  4s.  over  together  with  id.  =  {4X  i2d.  +  id,)  =  4gd., 
and  49(/.  divided  by  9  gives  ^d.  and  4^.  over :  the  sd.  is  set 
in  its  proper  column  or  jwsition. 


;dbv  Google 


66  A  MODERN  ARITHMETIC 

(d)  The  4rf.  over  with  the  Ji/.  =  {4  x  4+ 2)=  i8  farthings, 
and  this  divided  by  9  gives  2  farthings  or  ^d.,  which  is  set  down 
at  the  end. 

The  quotient,  or  share  of  each  person,  is  ^S.  i6s.  $^d. 

If  the  divisor  is  greater  than  is,  but  can  be  split  up  into 
convenient  factors,  it  will  he  frequently  convenient  to  use  them. 

Example. — To  divide  jC^3^-  •°^-  ^  4^- 
Factors  of  48  are  (a)  4  and  1 2,  or  {6}  6  and  8  ;  using  (a)  we 
divide  first  by  4  and  then  by  12. 

£.  s.     d 
4|_r38_io_o 

12     34  iz     6 


The  following  is  an  example  of  the  general  process  of 
compound  long  division  : 

Example. —  What  sum  of  money  could  de  given  to  each  o/^^j 
persons  from  £z74^-  3^-  iodJ      Wkai  would  remain  overi 

£.     s.   d    £.    ..     d 
357)3742     3  io(«o     9     7l 

172  (a)  Dividing  357  into  ^3742,  we 

ao  have  ;^io  and  ^172  over, 

i^Tshillings.  W  j£j72  =  344o^.,addingonlhe 

^m  *  31-  we  obtain  3443J. 

,2      "  (f)  3443^-  divided  by  357  yields 

9J.  and  230^.  over. 

2770  pence.  ^^^  ^^^  ^  3760^.,  adding  on  the 

*'^       "  ro*^,  27701/.  is  obtained. 

1  (e)  2Tjod.  divided  by  357  yields 

1084  farthings.  "jd.  and  2711/.  over, 

13        „  (/)  271(^  =  1084  farthings. 

10S4    farthings    divided    by    357    yield    3   farthings  and 
13  farthings  over. 

.'.   A  payment  of  ;^io.  9^-  j^d  could  be  made  to  each 
person,  and  13  farthings  or  s\d.  would  remain  over. 
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Example. — How  many  payments  of  ;^3.  6j.  9^^.  can  be 
made  with  ^^S.  loj.  ^d.  i 

It  is  obviously  necessary  to  reduce  each  quantity  into  its 
least  common  term,  which  is  here  farthings.  The  work  can 
then  be  arranged  as  follows  : 

£,   2.    6j.  i)\d.=   46J.  g\d.  =  ^6\\d.=    224$  farthings. 

£,2^-  lis.  T,d.    =571^.  ■^d.    =6855rf,  =  274Jo  farthings. 

By  simple  division  17420-^2245  =  12  and  480  over;  there- 
fore 12  payments  of  j^2.  61.  i^\d,  can  be  made,  and  the 
sum  of  480  farthings  or  \os.  will  remain  over. 

EXEBCI0ES    XXI.  Ik 
Heatal  or  Oral 
},    Divide  4t.  Zd.  by  4,  7,  8  and  16  ;  and  bs.  8d.  by  4,  ;,  8, 10, 40. 

2.  „       7J.  6d.  by  9,  30  ;  and  Ss.  gd.  by  5,  7,  8  and  21. 

3.  „       I2t.  6d.  by  4,  5,  6,  8,  15  ;  and  iSs.  4d.  by  4,  5,  11,  22. 

4.  „        £2.  8s.  4rf.  by  5,  8,  16  ;  and  £2.  14s.  <)d.  by  4,  6,  9. 

5-  11  .^13-  7^'  ^-  *'y  4i  5)  ^'  7'  ^i  9'  '2'  ^""^  "°'*^  t^"* 
amount  of  undivided  money  remaining  in  each  case. 

6.  How  often  is  3^1/.  contained  in  zs.  id.,  2s.  iirf,,  8j.  2d., 
Its.  id.  and  scK.  srf.? 

7.  How  often  may  payments  of  %d.  each  be  made  from  jt.,  Jj-t 
6s.,  is.  4d.,  lof.  61/.,  12^.  What  sums  remain  over  or  undivided  in 
each  case  ? 

8.  Divide  £ig.  i+c.  yd.  by  5,  7i  9.  n- 

9.  „       ^216-  19^.  Ad.  by  6,  8,  10,  12. 

EXEBOISES   XXI.  b. 

1.  Divide  .£693.  15J.  by  16,  18,  21,  24. 

2.  „       £7352-  9^-  S*^-  by  32,  4Si  52,  56- 

3.  „       /29418.  13J.  8ii  bySi,  96,  105,  112. 

Note  in  each  case  the  value  of  the  undivided  amount  at  the 
end  of  the  operation. 
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4.  Divide  ^^2032.  13^.  3jrf.  by  S3- 

5.  „  ^6614.  ISJ.  4\d.  by  79. 

6.  „  ^17831.  ifo.  n|</.  by  85. 

7.  B  j£ro8i63.  I2j'.  3J|</.  by  247. 

8.  »  ;^346827.  i6j.  BJrf.  by  439. 

9.  „  /6160706.  ilj.  lOfl^  by  764- 

10.  „  ;£if6i43.  10s.  by  427,  and  give  the  value  of  the 
undivided  sum  remaining. 

IL  Divide  .£25194-  i6j.  2Jrf.  by  97,  and  give  the  value  of  the 
remainder. 

12.  How  often  must  the  sum  01  ;.;.  911^  be  put  aside  to  save 
£1^  i6r.  gtf.? 

13.  In  what  time  will  a  weekly  saving  of  is.  7\d.  amount  to 

14.  Divide  ^138  between  27  men  and  36  boys,  giving  a  man 
twice  as  much  as  a  boy. 

15.  What  is  a  man's  average  daily  earnings  when  his  yearly 
income  is  ;£i75.  ijt.  i\d.i 

16.  Prize  money  to  the  amount  of  .£2787.  las.  6d.  was  divided 
among  a  company  of  sailors,  giving. each  one  ^35.  i+f.  91^  How 
many  were  there  ? 

17.  What  is  the  greatest  number  of  sums  of  £2.  181.  4//. 
which  can  be  formed  from  a  donation  of  ^100  ;  and  what  amount 


18.  The  average  cost  per  child  of  giving  a  number  of  children 
a  week's  stay  in  the  country  is  9^.  8^1^.,  and  a  sum  of  50  guineas 
has  been  collected  for  this  purpose.  How  many  can  be  taken  and 
what  sum  remains  unused  ? 


19.  A  collection  containing  an  equal  number  of  half-crowns, 

florins,  shillings,  sixpences  and  pennies  amounted  to  ^£14.  5^.  I  id. 
What  was  the  total  number  of  coins  ? 

20.  How  many  rupees,  each  worth  is.  lojrf.,  would  be  equivalent 
to  the  sum  of  ^286.  6s.  3^.  i 
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21.  How  many  quarters  of  wheat,  each  worth  53J.  Bd.,  together 
with  the  same  number  of  quarters  of  barley  each  worth  32^.  61/., 
would  be  equivalent  to  a  rent  of ^249.  ijs.  Sd.i 

22.  Complete  the  missing  terms  in  the  given  table  of  income  or 
wages,  stating  the  missing  terms  to  the  nearest  farthing. 

(The  yearly  wage  is  given,  and  from  it  has  to  be  found  the 
monthly  wage,  weekly  wage,  etc.,  taking  12  months  to  the  year, 
52  weeks  to  the  year  and  365  days  to  the  year.) 


P„y«. 

F«  MoDIh. 

P=r  w«k. 

Per  Diy. 

£.      ,.     d. 

i-  ;■  i 

£.      ,.     d. 

t.      ..     d. 

5    0    0 
10    0    e 

o';6"8 

50    0    0 
500    0    0 

EXERCISES    ZXn. 
■Uocellaiwoiii  Problsms. 

1.  The  daily  takings  at  a  shop  in  i  week  were  ^14.  13J.  31/., 
£t.  \Zs.  ed.,  £10.  7s.  9irf.,  ^18.  151.  sK->  £^^-  4^-  9d.  and 
.£3S-  9^'  ^-     What  was  the  arithmetical  average  daily  receipt  ? 

2.  14  barrels  of  oil  were  bought  for  £2^.  %t.,  17  barrels  more  for 
^£39.  Zs.  ^d,  and  26  others  for  ;^33.  lot.  id.  If  they  had  been 
bought  at  a  uniform  price  per  barrel,  what  would  that  price  have 
been? 

3.  How  many  French  francs,  each  worth  <)^d,,  would  be 
equivalent  to  95  Brazilian  milreis  of  ■zs.  yd.  each  ? 

4.  What  sum  remains  out  of  a  yearly  income  of  £lS2(i,  after  a 
weekly  expenditure  throughout  the  year  of /26.  gj.  5^.? 

5.  From  the  yearly  receipts  of  a  company,  amounting  to 
£7%o2o.  4J.  lod.  the  sum  of  £75,637.  ss.  id.  is  paid  for  working 
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expenses,  a  sum  of  £2000  is  set  aside  to  form  a  reserve  fund  and 
the  remainder  divided  equally  among  the  47  shareholders.  What 
does  each  shareholder  receive  ? 

6.  if  I  exchange  1 120  lbs.  of  sugar  at  2^1^.  alb.  for  an  equivalent 
value  of  rice  at  3/^.  a  lb.,  how  many  pounds  of  rice  shall  I  receive  ? 

7.  At  a  certain  hotel  in  the  winter  season  of  16  weeks,  15  fires 
each  burn  on  an  average  i  ton  of  coal  in  80  days.  What  is  the 
value  of  the  coal  used  at  25^-.  gd.  per  ton  ? 

8.  A  collection  realized  343  silver  coins :  viz.  crowns,  double 
florins,  half-crowns,  florins,  shillings,  sixpences  and  threepenny 
pieces,  and  there  was  an  equal  number  of  each.  What  was  the 
value  of  the  collection  ? 

9.  A  sum  of  ^a;,ooo  is  to  be  raised  by  the  issue  of  650  first- 
class  shares  of  .£27.  lis.  dd.  each  and  1127  second-class  shares. 
What  is  the  value  of  a  second-class  share.' 

10.  At  a  manufactory,  a  weekly  levy  of  2d.  in  each  ^  received  iri 
wages  is  made  toward  the  doctor's  fund.  There  are  128  hands 
employed,  half  earning  £2.  6s.  yl.  a  week,  and  the  other  half 
^1.  I2J-.  6i/.  each.    What  does  the  levy  amount  to  in  a  year? 

11.  The  sum  of  ^1950  ship  prize  money  is  to  be  shared  first 
among  9  officers,  each  to  have  ;^175,  and  the  remainder  among: 
the  ship's  crew,  giving  each  £,T.  l6s.  ^d  What  was  the  total 
company  of  the  ship  ? 

12.  I  wish  10  convert  42  Bank  shares  at  .£33.  6t.  3d.  each  into 
13  Railway  shares  at  .£ir3.  8s.  gd.  each.  What  additional  cash 
sum  will  be  necessary  ? 

IS.  To  defray  a  debt  of  .£1500,  64  sheep  worth  £2.  y.  gd. 
a  piece,  36  cows  each  worth  ^1;.  i6.t.  gd.  and  17  horses  each 
worth  ^34.  1 2 J.  6«'.  are  sold.     What  sum  is  still  owing? 

14,  I  exchange  74a  yards  of  silk,  at  gs.  s^d.  per  yard,  for  a  cash 
sum  of  ^79.  i6j.  id.  and  a  number  of  yards  of  cloth  at  4j.  7d.  a 
yard.    What  number  of  yards  of  cloth  must  be  given  ? 

15,  The  holiday  expenses  of  a  party  of  45  were  ;iio8,  3^.  yi,; 
i3  paid  £2.  i2s.  6d.  each,  16  paid  £3.  gs.  6d  What  had  each  of 
the  remainder  10  pay  f 
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16.  A  cargo  of  2344  tons  of  English  coal  is  sold  in  San  Francisco 
at  £!.  6s.  gd.  per  ton  What  is  the  nearest  number  of  dollars,  each 
worth  4i-.  2ti.,  that  will  discharge  the  amount  ? 

17.  Butter  is  bought  at  6^  guineas  for  112  lbs.,  and  sold  at 
IS.  4^if.  per  lb.  What  qtiantity  must  be  sold  to  realize  a  total 
profit  of  10  guineas  ? 

18.  By  selling  57  yards  of  cloth  at  zs.  3jrf.  a  yard,  a  loss  of  £1 
was  made ;  while  later  in  the  season  73  yards  of  the  same  cloth 
were  sold  at  2s.  lojrf.  per  yard,  making  a  profit  of  ^1.  14J.  lo^rf. 
What  was  the  buying  price  of  the  whole  per  yard  ? 

19.  Which  is  cheaper,  and  by  what  amount,  to  buy  a  9-ton  truck 
of  coal  at  j&s.  gd.  per  ton,  with  haulage  2s.  td.  per  ton  extra,  or 
to  buy  the  coal  in  sacks  delivered  at  2s.  bd.  each,  10  sacks  making 


up  a 


■n? 


20.  A  cart  load  of  apples  has  640  lbs.  of  apples  of  prime  quality 
which  are  sold  at  51/.  a  lb.,  and  760  lbs.  of  second  quality  at  3|<i^ 
Wh.it  difference  would  there  be  in  the  receipts  jf  all  were  sold 
at4Kalb.? 

21.  Find,  correct  to  the  nearest  penny,  the  average  rate  of  interest 
per  cenL  declared  by  the  following  Life  Assurance  Companies  : 


NuDC  of  Office. 

Rale  of 

£.    I.      i 

Provident     -        .        -        - 

3  15    0 

Prilvident  Clerks  - 

3  "4    3 

Prudential  (Ordinary) 

366 

Refuge  (Ordinary) 

3    8    0 

Rock   - 

3  17    0 

Royal  - 

.1  13    9 

Royal  Exchange  - 

3  16     I 

Sceptre 

3  16    2 

Scottish  Accident 

3  IS     " 

Scottish  Amicable 

3  17    9 

Scottish  Equitable 

Scottish  Imperial  (Ordinary) 

3  16    0 
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22.  Find,  true  to  thi 
Exports  per  head  per  . 
1903  inclusive. 


t  penny,  the  average  Imports  and 
n  the  United  Kingdom  from  1892- 


YtlT. 

pL^fi^. 

p«o. 

1893 
1894 

:8i 

1897 
1898 
1899 
1900 
1901 
1902 
1903 

£..      :       d. 
10    10      I 
10      9    11 

10  13     3 

11  s    4 

II    13    10 

11  17    9 

IZ    14      2 

12  II      3 

13  16      I 

I.    s.      d. 

S  13    4 

5  'I     I 

V\  I 
Ml 

697 
7     1     6 

6  14    9 
6  15     1 
6  (7    3 

23.  What  was  the  average  price  per  head  of  cattle,  of  which 
60  were  bought  for  £\o.  i8j.  bd,  each,  60  for  ^10.  i6j.  ^  each, 
5ofor^io.  15^.  3*/.  each  and  30  for  ^10.  I2J.  51/.  each? 

24.  Add  together  .£175-  i?J-  6i£,  five  hundred  guineas,  eighty- 
seven  half-crowns  and  1143  fourpenny  pieces. 

25.  Find  the  whole  tost  of  20  doien  boxes  of  fruit  at  14J.  7J1/. 
per  box  ;  40  dozen  boxes  at  1 3^.  <i\d.  and  60  dozen  boxes  at  1  is.  id. 

26.  Two  horses  (Bob  and  Farmer)  and  a  carriage  cost  £1^^ 
Bob  and  the  carriage  cost  ^181.  13^.  71/.,  while  Farmer  and  the 
carriage  cost  .£155-  6j.  $d.  What  was  the  separate  price  of  each  of 
the  three  ? 

27.  Ac  a  collection  for  a  Sanatorium  there  were  79  sovereigns, 
135  half-sovereigns,  69  crowns,  twice  as  many  half-crowns,  30  score 
and  6  shillings,  1 145  sixpences  and  593  pennies.  What  was  the 
total  amount  collected,  and  what  was  it  short  of  ;£5oo  ? 

28.  From  271  times  £1^.  41.  -id.  take  £'9441-  bs.  %d.,  and  divide 
the  remainder  by  89. 

29.  A  boy  bought  a  knife  for  zs.  dd.,  and  afterwards  sold  it  for  t^d. 
and  zio  marbles  worth  a  penny  a  dozen.  What  did  he.  lose  by 
the  sale  ? 
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30.  A  flock  of  54  sheep  is  sold  at  ^z.  5^.  6d.  each  and  a  second 
flock  of  78  is  sold  at  £1.  -js.  gd.  each.  What  was  the  average  price 
per  sheep  to  the  nearest  penny? 

31.  The  average  cost  of  a  sheep  in  a  flock  of  64S  was  j^j.  14^.91^.; 
420  of  the  sheep  were  worth  a  total  of  ^looa  What  was  the 
average  cost  of  the  remaining  sheep  to  the  nearest  penny  ? 

32.  A  farmer  having  240  acres  pays  a  rent  of  ^2.  \os.  per  acre  on 
100  acres,  of  £'^.  ^s.  per  acre  on  80  acres  and  ^4.  3^.  ^d.  per  acre 
for  the  remainder.    What  is  the  average  rent  per  acre  ? 

33.  If  30  tons  of  coal  at  2ar.  dd.  a  ton  be  mixed  with  33  tons  at 
241.  per  ton,  find  the  cost  per  ton  of  the  mixture,  true  to  the  nearest 

34.  A  man  borrowed  ;£2oo,  of  which  he  paid  at  Lady  Day 
£^0.  10s.  qd.,  at  Midsummer  £,6i.  los.  8d.  and  at  Michaelmas 
£2$.  us.  id.  How  much  of  (he  ^200  does  he  stil!  owe,  and  how 
many  half-crowns  will  pay  it? 

35.  The  sum  of  £iy  is  made  up  of  the  same  number  of 
sovereigns,  half-sovereigns,  half-crowns,  shillings  and  sixpences. 
How  many  are  there  of  each? 

36.  How  maiiy  payments  of  ^74.  i6j.  yf.  can  be  made  with 
^5000,  ami  what  sum  is  left? 

37.  How  many  payments  of  ;^86.  i8j.  gd.  each  can  be  made 
with  .^Tooo,  and  what  sum  is  left  ? 

38.  Among  how  many  men  can  £s^2B  be  divided,  giving  each 
man  ^i.  181.  gd.,  and  what  money,  if  any,  is  left? 

39.  In  a  bag  of  2760  coins  there  is  an  equal  number  of 
sovereigns,  half-sovereigns,  crowns,  half-crowns,  florins,  shillings, 
sixpences  and  threepenny  pieces.  What  is  Che  number  of  each 
kind  of  coin,  and  their  total  value? 

40.  If  Che  total  revenue  of  a  country  is  .£107,780,179  and  the 
population  is  34,908,560,  what  is  the  average  amount  of  revenue 
raised  per  head  of  the  population  (true  Co  Che  nearest  penny)  ? 

41.  A  prize  of  .£6374.  iSs.  6d.  was  divided  between  9  officers, 
each  receiving  £igi.   14s.  6d.,  and  the  remainder  between  732 
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privates.    Find  to  the  nearest  penny  what  each  private  received, 
and  (he  value  of  the  remainder,  if  any. 

12.  A  man  buys  497  sacks  of  potatoes  for  ^339.  Is.  ii|i/,  and 
sella  24E  sacks  at  17s.  q^d.  each,  and  the  remainder  he  sells  at 
lis.  zijd.  each.     Find  his  total  gain. 

43.  If  a  person's  income  for  the  year  1880  be  ^37.  15.t.  per 
calendar  month,  and  he  spends  at  the  rate  of  £1.  4s.  y^d.  per  day, 
how  much  will  he  have  left  at  the  end  of  the  year  ? 

44.  A  person  bought  374  eggs  at  2  a  penny,  and  some  others  at 
3  a  penny.  He  paid  for  (hem  in  all  £1.  gs.  iid.  How  many  did 
he  buy  at  3  a  penny  ? 


IS.   THE   MEASUREMENT  OF   LENGTH. 

In  early  times  lengths  were  measured  as  multiples,  or  as 
portions,  of  different  parts  of  the  human  body,  this  being 
indicated  by  the  names  which  still  survive,  as,  for  example : 

The  foot ;  the  hand,  a  term  used  even  now  in  expressing 
the  heights  of  horses ;  the  span ;  the  pace  and  others. 

Such  measurements  would  be  rough,  and  vary  with  the 
person  measuring ;  now,  when  by  modem  instruments  it  is 
easy  to  copy  accurately  a  standard  length,  more  precise 
methods  are  used.  In  our  country,  lengths  are  expressed  in 
terms  of  multiples,  or  portions,  of  the  distance  between  2  marks 
on  a  rod  kept  at  the  Standards  Office  and  copies  at  other  places, 
and  called  the  yard ;  the  multiples  and  portions  in  general  use 
are  the  inch,  the  foot  and  the  mile,  connected  as  in  the  table : 

British  Measures  of  Length. 
12  inches  (in.)  make  i  foot.  (A   number  of  inches  is 

3  feet  (ft.)  „     I  yard,       frequently  indicated  by  writ- 

ing  down  the  number  witli 

1760  yards  (yds.)     „     i  mile.      two  accents  above  it — thus 
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3  inches  by  3" — and  a  number  of  feet  by  the  number  with  one 
accent  above  it — thus  2  feet  by  2';  so  that  2'.  4"  represent 
two  feet  and  four  inches.) 

The  system  in  use  in  most  countries,  and  in  much  scientific 
work  in  England,  is  the 

Metric  Svbtem, 
in  which   the  unit  is  the   Uetre.     The  chief  portions  and 
multiples  of  the  metre  are  as  indicated  in  the  table  below : 
10  millimetires  make  i  c«atim«tn. 
10  centimetres      „     i  decimetre. 
10  decimetres       „      1  metre. 
1000  metres  „     i  kilometre. 

One  metre  is  nearly  40  inches. 


14.   REDUCTION. 

]n  many  instances  it  may  be  found  necessary  to  change 
from  yards  to  feet  and  inches ;  from  miles  to  smaller  lengths, 
and  vice  versa.  The  following  examples  are  typical  of  the 
methods  employed ; 

Example. — Express  \yds.  2  ft.  8  in.  as  a  number  of  inches. 

4  yds.  2  ft.  8  in.         <")  Exp'^ess  the  4  yds.  in  feet,  by  muhi- 
,  plying  by  3  (as  each  yard  is  the  same  as 

3  ft.) ;  adding  on  the  3  ft.,  it  is  seen  that 


14  ft.  8  in.  the  4  yds.  2  ft.  is  the  same  as  14  ft. 

{b)  Change   from   feet  to  inches  in  a 


i-g  [„  similar   manner,  i.e.    by   multiplying   the 

-  number  which  expresses  the  length  in  feet 

by  12,  and  adding  on  the  number  of  inches  (here  8). 
Thus  4  yds.  2  ft.  S  in.=  176  in. 
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Example. — Express  5  miles  77  yards  i  foot  as  a  number  of 
feet. 

S  mi.  77  yds.  i  foot.        («)  Multiply  the  5  by  1760  and  so 
1 760  express  the  5  miles  by  the  correspond- 

8877  yds.  1  foot.  '"S  number  of  yards -add  on  the 

' {b)  Reduce  the  yards  to  feet  by 

36631  ft  multiplying  by  3,  add  on  the  i. 

Thus  5  miles  77  yards  1  foot  =  26632  feet- 

ExAMPLE. — Express  341  inches  in  terms  of  yards,  feet  and 

I        .  (a)  Divide  the  341  by  12  to  find 

•^   34__n^  l,o^    many    feet    there  are   in    341 

3  I    28  ft.  5  in.  inches.     The  result  shows  that  there 

o  yds   I  ft  q  in.       ^''^  '^  ^-  ^"'^  5  '"^hes  over. 

— IJ—L Li {b)  Divide  the  t%  by  3  to  find  how 

many  yards  there  are  in  2S  ft. 


EXEfiOZSGS    XXI  ff.  a. 

MMital  or  Oral 

1.  Express  in  feet  and  inches 

(a)  16  inches,  (S)  36  inches,  (c)  36  inches, 

(d)  50  inches,  (e)  100  inches,        (f)  200  inches. 

2.  How  many  inches  are  there  in 

{a)  2  ft.  5  in.,  (6)  I  yd.  2  ft.  3  in.,   (c)  to  yds., 

(d)  8  yds.  2  ft,  (?)  100  yards,  (/)  10  yds.  4  in-? 

3.  How  many  feet  are  there  in 

(a)  I  mile,  (S)  220  yds.,       (c)  a  quarter  of  a  mile, 

{d)  a  mile  and  a  half.  (e)  one-eighth  of  a  mile  P 
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EXEEOISES    YTTTT   b. 
PnoUeaL 
[Apparatus  required:    Foot-rule.      Mathematical  Instruments. 
Squared  Paper.'] 

1.  Find,  in  inches,  as  accurately  as  your  scale  permits,  the 
length,  breadth  and  diagonal  of  a  page  of  your  (l)  Arithmetic 
text-book,  (2)  Arithmetic  exercise  book. 

2.  Measure  the  width  of  your  desk  and  (either  individually  or 
collectively)  the  length  of  the  desk. 

Make  a  drawing  of  the  desk,  where  each  foot  on  the  desk 
is  represented  by  a  line,  one  inch,  half-inch  or  a  quarter-inch  in 
length,  as  you  think  most  suitable. 

3.  Set  off  on  squared  paper  a  line  AB  in  one  direction  and  a 
line  AC  at  right  angles  to  it ;  make  AB  and  AC  of  the  lengths  given 
below  ;  measure  the  length  of  BO  in  each  case. 

(a)  AB  3  inches,  AC  4  inches, 
{/>)  AB  2  inches  and  3  twelfths,  AC  3  inches, 
{c)  AB  s  eighths  of  an  inch,  AC  1  inch  and  2  twelfths, 
((/)  AB  3  inches  and  a  half,  AC  4  inches  and  8  twelfths. 


EXERCISES    XXm.  c. 

1.  How  many  inches  are  there  in  i  mile? 

2.  A  train  goes  60  miles  an  hour  ;  how  many  feet  will  it  travel 

3.  A  train  goes  44  feet  in  one  second  ;  how  many  miles  will  it 
travel  in  one  hour? 

4.  What  is  the  length  in  yards,  etc.,  of  32  steam  pipes,  each 
one  being  19  ft  9  in.  long? 

5.  The  circumference  of  a  bicycle  wheel  is  1 3  ft.  8  in.  Express 
in  miles,  yards  and  feet  the  distance  covered  when  2764  revoluiions 
are  recorded. 
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6.  The  drum  of  a  winding  engine  is  22  ft.  6  in.  in  circumference. 
What  length  of  rope  in  yards  is  let  out  by  200  revolutions  ? 

7.  A  chain  consists  of  1742  links,  each  2  inches  long.  What  is 
the  total  length  of  the  chain  P 

8.  What  is  the  length  covered  by  2000  steel  rails,  each  33  h, 
6  in.  long,  placed  end  Co  end,  with  a  total  space  of  20  ft.  between 
their  adjacent  ends,  as  in  a  railway  ? 

9.  Express  in  yards  and  feet  the  excess  of  i  knot  (6080  ft.)  over 
a  mile. 

10.  The  highest  mountain  in  the  world  is  stated  to  be  29,002  ft 
high.    Express  this  in  miles,  yds.  and  ft. 

11.  A  boy  has  used  6  balls  of  cord,  each  14;  yds.  long,  in  flying 
his  kite.  What  is  the  height  of  his  kite  in  ft.  and  in.  if  the  hdght 
is  one-tenth  the  length  of  the  string? 

12.  The  driving  wheel  of  a  locomotive  engine  is  23  ft.  9  in.  in 
circumference,  while  the  small  front  one  is  9  ft.  6  in.,  how  many 
more  revolutions  will  the  small  one  perform  than  the  larger  one  in 
going  a  distance  of  76  miles  380  yds.? 

13.  From  the  ground  floor  of  a  house  to  the  attic  are  $4  steps 
each  five  inches  in  height.'  What  is  the  height  of  the  attic  above 
the  ground  floor  in  feet  and  inches  ? 

14.  The  top  of  a  tower  is  reached  by  373  steps  each  having  a 
rise  of  4  in.  What  is  the  height  of  the  top  of  the  tower  in  yds., 
ft.  and  in.? 

15.  What  distance  does  a  soldier  cover  in  a  march  of  4  hours, 
making  an  average  of  110  steps  each  3  ft.  3  in.  per  minute? 
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16.   ADDITION,   SUBTRACTION,   MULTIPLICATION 
AND   DIVISION  OF   LENGTHS. 

Addition,  subtraction,  multiplication  and  division  of  lengths 
are  done  by  following  the  plan  employed  in  similar  operations 
in  money  questions,  thus : 

Example. — Three  rods  have  lengths  respectively:  3  yards 
I  foot  6  inches,  2  yards  2  feet  8  inches  and  8  yards  2  feet 
9  inches  ;  what  is  their  combined  length  1 

Arrange  with  yards  under  yards,  feet  under  feet,  etc. 
yds.    ft.       in,  (o)  Adding    the    numbers    in    the    inches 

3.1.  6         column,  we  get  23  in.,  representing  1  ft.  1 1  in. 

2.2.  8  We  set  down  the  11  in  the  inches  column 
8.2.     9        and  carry  on  the  1  to  the  feet  column. 

~  ip)  Adding  the  numbers  in  the  feet  column, 

''  to  the  I  carried,  we  obtain  6,  representing  6  ft. 

»       '  or   2    yards   o   ft.     Set   the   o   in    the    feet 

column,  carry  on  the  2  to  the  yards  column.     Adding  this, 

we  obtain  15. 

The  combined  length  is  15  yards  o  ft  11  inches. 


Example. — The  length  of  a  piece  of  string  is  27  yards  i  foot 
8  inches ;  a  piece  1 2  yards  2  ft.  i)  inches  is  cut  off ;  what  length 
remains  1 

As  in  complementary  addition ; 
yds.     tt.       in.  {a)  II  inches  added  on  to   9  inches  give 

27  .  I  .     8  I  ft.  8  in.     We  set  down  11,  carrying  i  on  to 

12,2.     9         the  2  in  the  feet  column  obtaining  3  ft. 
~ — ~ ~  {&)  I  ft  added  on  to  3  ft.  makes  i  yd.  1  ft. 

**  '  Carry  i  on  to  the  1 2  in  the  yards  column. 

'        '  (4  '4  added  to  13  gives  27.     The  length 

of  string  which  remains  is  therefore  14  yds.  i  ft.  11  in. 
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Example. —  IVAat  is  th^  total  length  of  1 5  balls  of  twine  each 
223  yards  2  feet  $  itic/ks  long? 

mild.    yuii.  r«i.  inches.'         (d)  1 5  times  3  inches  are  45  inches 
o  .     223  .  2  .  3        or  3  ft.  9  inches.    Set  down  the  9  inches, 

'5         carry  on  the  3  ft. 

t  .   1596  .0.9  <^)  15  "mes  2  ft.  are  30  ft.;  with  the 

I.. I '   -  -        3   f).   brought   forward    this   becomes 
•         "        3  33  ft.  or  1 1  yds.  o  ft.     Set  down  the  o, 

carry  on  the  11. 

(c)  15  times  223  yards  are  3345;  carry  on  the  11,  and 
obtain  3356  yds.  or  i  mile  1596  yds. 

The  total  length  is  i  mile  1596  yds.  o  ft.  9  in. 

Example. ^.^  cord  2  miles  30  yards  long  is  divided  into 
24  equal  parts  ;  what  is  the  length  ofeachpart? 

0  miles.  147  yards.  ^  ft.  9  in.^>,j.     („)  j  divided  by  24  gives 
o  and  2  over. 

(b)  Reducing  the  2  miles 
to  yards  and  adding  the  30, 
we  obtain  3550. 

(c)  Dividing  3550 yds.by 
24,  we  obtain  147  yds.  and 
22  yds.  over. 

((/)  Reducing  this  22 
yards  to  feet  we  obtain  66, 

(e)  Dividing  by  24,  we 
obtain  2  ft,  and  18  ft  over 

(/)  Reducii^  to  inches, 
216  in.isobtaineii;  dividing 
by  24,  the  result  is  9  in. 

Each  piece  is  therefore  147  yards  2  feet  9  inches  long. 

Example. — A  board  is  8  yds.  2  ft.  l  in.  in  length;  haiv 
many  pieces  i  yd.  o  ft.  t,  in.  long  can  be  cut  off  it,  and  what 
length  of  board  will  be  left  over  ? 

Reducing  both  lengths  to  inches,  we  have  to  find  out  how 
many  lengths  of  39  inches  can  be  cut  from  a  board  26  ft.  7  in 
or  319  inches  long. 


3  miles.    30  yards.  0  ft.  0  in. 
1760 

3550  yards.  0  ft.  0  in. 
US 
190 

1 23  yards.  0  ft.  0  in. 
1   3 

66  ft.  0  in. 

18  ft  0  in. 
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Dividing  319  by  39,  we  obtain  8  and  7  over. 
The  board  may  therefore  be  cut  into  8  pieces  each  1 
>  ft.  3  in.  long,  and  a  piece  7  in.  long  will  remain. 


EZEB0ISE8    ZZIV. 

1.  The  three  sides  of  a  triangle  are  respectively  2  yds.  2  ft.  2  in,, 
4  yds.  o  ft.  11  in.  and  3  yds.  i  ft.  10  in.  What  is  the  length  of  the 
perimeter  or  distance  right  round  the  triangle? 

2.  In  order  to  get  from  a  place  A  to  a  place  B,  one  man  follows 
a  straight  road  AC  1  mile  725  yards  long,  turns  at  C  and  follows 
another  road  1  mile  1200  yards  long.  A  second  man  takes  a 
direct  cut  from  A  to  B,  and  thereby  saves  a  distance  of  800  yards. 
What  is  the  direct  distance  between  A  and  B? 

3.  How  many  tiles  each  6  in.  long  will  be  necessary  to  enclose 
a  square  plot  of  grass,  each  side  being  23  ft.  9  in.? 

4.  A  wire  fence  Z12  yds.  i  ft.  long  is  fitted  with  uprights  2  ft. 
2  in.  apart.    What  number  of  uprights  will  be  required  ? 

5.  Each  turn  of  a  coil  of  wire  is  I  ft.  7  in.  long.  What  length 
of  wire  will  be  required  to  make  200  turns? 

6.  In  paving  one  side  of  a  street  S72  kerb  stones  each  of  an 
average  length  of  2  ft.  4  in.  are  used.  What  is  the  length  of 
the  street  ? 

7.  From  a  roll  of  calico  60  yds.  long,  lengths  of  34  yds.  8  in. 
and  49  ft-  9  in.  are  cut  off.    What  length  remains? 

8.  A  path  in  a  park  is  edged  on  both  sides  with  tiles  5  in.  long. 
What  is  the  length  of  the  path  when  3642  tiles  are  required? 

9.  A  short  piece  of  railway  measuring  3  miles  1482  yds.  is  to  be 
made  by  63  men.     What  length  must  each  make? 

XO.  Three  roads  in  a  parish  are  severally  4  miles  753  yds.  2  ft., 
1  miles  1628  yds.,  and  6  miles  905  yds.  in  length,  and  are  kept  in 
repair  by  5  men.     What  is  each  man's  share  ? 

11.  Goods  have  to  be  taken  a  distance  of  50  miles.  Of  this 
9  mi.  1342  yds.  is  by  canal,  and  36  mi.  570  yds. -by  rail,  and  the 
remainder  by  cart.    What  distance  is  performed  by  cart  ? 
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12.    Fill  in  the  tables  below,  giving  the  thicknesses  and  depths 
of  the  strata  met  with  in  making  the  wells  specified  : 
(a)WellatMaryleboneRoad:  I       (*)  Well  at  Greenwich  Hos- 


Made  ground 
Gravel  and  clay 

London  clay 

Mottled  „ 
Peaty  earth 
Clayey  sand 
Green     „ 

Chalk         -        -  I 


(c)  Well  al  Waltham  Abbey  : 

Slrats.  '"'"ft!^-    D^P*- 

Soil    • 
Clay  - 
Peat  - 
River  gravel 
Blue  clay   - 
Sandy  clay 
Sand  and  shell  ■ 
Fine  hard  sand  - 
Pebbles      ■ 
Blue  clay   ■ 
Sandy  clay 
White  sand 
Sandy  clay 
Green  sand 
Coloured  sand 
Light  „ 

Fine  „ 

Flints 

Chalk 


Made  ground  -no 
Gravel  ■  -  33  o 
Black  sand  -  4  'o 
Blue  clay  -  -08.. 
Shelly  rock  -  40 
Red  clay  -  -60.., 
While  sand  -  40 
Green  sand  and 

pebbles  ■        -     40 
Thanet  sand       -    55  10 
Flint  bed    -        -10      ... 
Chalk  with  flints    180   6      ... 

(d)  Well  at  Lea  Bridge : 

Made  ground 
Red  ballast 
Peat  - 
Ballast 
Grey  sand  ■ 

Sand 

Dark  sand 
Dark    sand  and 

Conglomerate 
Dark  sand 

Very  hard  sand  ■ 
Soft  green    „ 
Hard    „       „ 
Soft  sand    - 
Flint  ■ 
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(/)  Well  at  Ealing : 


36  ' 


White  sand 

„     gravel 
Marl 
White  sand  and 

flints  - 
Grey  chalk 
White  sand 
Grey  chalk 
Hard  grey  chalk  7910 
Chalk  withflinis  152  10 
Chalk  -  -  202  7 
Sandy  marl  -  203  5 
Rotten  chalk  -210  s 
Chalk       -        ■  250    S 


Yellow  clay      -    35  o 
Clay  with  clay- 
stones  -        -  2S3  6 
Clay  and  green 

sand     -        -  264  o 

Mottled  clay    ■  304  o 

Loam       -        -  306  o 

Mottled  clay     -  307  3 

Hard  sand       •  310  3 

Red  clay  -  -  321  a 
Green  and  black 

sand     -        -  328  9 

Chalk  and  flints  330  3 

Chalk       -         ■  347  3 

Chalk  and  flints  418  5 
Hard  chalk  -  430  11 
Chalk  -  -  480  10 
Grey  chalk  with 

flints     -        -  488  10 

Chalkwith  flints  500  4 

Chalk       -        -  ;oi  4 

Chalkwith  flints  53S  4 
Grey  chalk  with 

flints     -        -  601  8 


EZEBCZBES    XZV. 

FracUcaL 
[Apparatus:  Scale  graduated  in  fractions  of  an  inch.    Paper!\ 
1.  Employ  your  scale  to  And ; 

(a)  The  number  oi  eighths  in  15  twelfths  ; 

{&)  The  number  oi  eighths  in  37  twelfths  ; 

(<r)  The  number  of  twelfths  in  14  eighths  ; 

(rf)  The  number  oi  quarters  in  33  twelfths. 
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2.  Draw  any  four  parallel  straight  lines  (or  take  any  four  which 
are  ruled  on  the  paper)  at  equal  distances  apart.  Draw  a  straight 
line  meeting  the  four  parallel  lines,  and  letter  the  points  of  meeting 
A,  B,  C,  D  taken  in  order  ;  measure  AB,  BC,  CD. 

Repeat  with  tive  other  lines  like  ABCD  ;  measure  the  parts  cut  of) 
between  the  parallel  lines  in  each  case,  and  state  what  you  notice 
about  these  parts. 

3.  Draw  a  line  4  inches  and  7  twelfths,  divide  into  five  equal 
parts,  measure  the  length  of  one  of  these  parts. 

4.  Use  your  scales  to  find  the  sum  of  3  inches,  3  inches  and  a 
quarter,  i  inch  and  5  eighths,  2  inches  and  a  twelfth. 

5.  Copy  accurately  the  accompanying  figures,  and  mark  on 
them  the  dimensions  of  the  various  lines. 


6.   The  accompanying  figure  represents  the  two  faces  of  an 


ordinary  brick,  which  meet  along  one  edge. 


(The  figure  should,  however,  be  enlarged  six  times  to  give  a 
true  representation). 

Draw  a  figure  representing  the  other  face  which  meets  the 
two  given  faces  al  the  corner  A,  and  write  down  the  length,  breadth 
and  thickness  of  the  brick. 


;dbv  Google 


REDUCTION   IN   METRIC  OR    DECIMAL  SYSTEM        85 


16.   REDUCTION   IN   THE   METRIC  OR 

DECIMAL   SYSTEM. 

In  this  system  the  process  of  reduction  is  very  simple,  owing 

to  the  multiples  and  submultiples  all  being  powers  of  10.     Thus : 

Example. — To  express  3  metres  4  decimetres  2  centimetres 

8  millimetres  in  millimetres. 

It  is  usual  to  abbreviate  by  representing  metres  by  ni., 
decimetres  by  dm,,  centimetres  by  cm.  and  millimetres  by  mm. 
.'.  3  m,  4  dm.  2  cm.  8  mm.  have  to  be  expressed  in  mm, 
3  m.  4  dm.  3  cm.  8  mm. 

—  34  dm.  2  cm,  8  mm.  Since  3  m.      are  30  dm. 

=  342  cm.  8  mm,  „     34  dm.    „   340  cm. 

=  3428  mm.  „     342  cm.,,    3420  mm. 

Example. —  To  express  7812  mm.  in  metres,  decimetres,  etc. 
7812  mm.  =  78i  cm.  2  mm.  =  78  dm.  i  cm.  2  mm. 
=  7  m.  8  dm.  1  cm.  2  mm. 


{Apparatus:  Dividers.     Scale  en  English  and  Metric  systems. 
String.} 
1.   Measure  the  length  and  breadth  of  your  book  with  your  scale, 


(a)  In  inches  ; 

(6)  In  decimetres,  centimetres  and  millimetres  ; 
{c)  In  centimetres  and  millimetres  ; 
(d)  In  millimetres. 
2.   In  the  same  way  obtain  : 

(a)  The  width  of  the  desk ; 
(6)  The  length  of  your  pen  ; 
(i:)  The  length  and  breadth  of  your  exercise  book. 
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3.  Set  off  on  your  exercise  books  lines  of  the  following  lengths  : 
(a)  8  cm.  3  mm.,  (*)  57  mm.,  {c}  i  dm.  2  cm.  s  mm., 
(rf)  I  dm.  o  cm.  5  mm.,  (f)  2  dm,  3  cm.  8  mm. 

4.  Use  your  scale  to  find  : 

(a)  The  difference  between  1  dm.  and  6  cm.  ;  mm. 
(//)  The  sum  of  8  cm.  4  mm.  and  4  cm.  8  mm. 

6.  Cut  pieces  of  string  or  tape  of  the  following  lengths  : 

(a)  1  metre,     (i)  I  metre  2  dm.,     (1:)  2  metres  3  dm.  4  cm. 
fi.   Find  the  number  of  inches  in  your  siring  of  1  metre  length. 

7.  Cut   off  a   piece  of  string   or  tape  of  length   equal  to  the 
difference  between  a  metre  and  a  yard  ;  express  this  difference  ; 

{a)  In  inches  ;        {i)  In  cm.  and  mm.;        (1:)  In  millimetres. 

8.  Find  from  your  scale  the  number  of  dm.,  cm.  and  mm.  in 
one  foot 


EXEBCI8ES    XXVt  h. 


(a)  Express  i 

n  millimetres : 

1.  6  cm. 

2.  6  dm. 

3. 

6  m. 

i.   6  m.  6  cm. 

5.  6  m.  6  dm. 

6. 

6  m.  6  dm.  6  cm. 

7.    7  m.  3  dm. 
10.    scm.  2mn 

,_ 

8.    7  m.  3  mm. 
11.    18  m. 

9. 
12. 

3  dm.  3  mm. 
I  m.  I  cm. 

13.    im.  idm.2 

;cm. 

14.  6  m.  2  cm. 

15. 

6  m.  3  mm. 

16.    4  m.  2  dm. 

17.   4  m.  3  dm.  2  cm 

L.     18. 

6  m.  6  mm. 

19.   7  m.  8  cm. 

20.   8  m.  2  cm. 

21. 

8  m.  3  cm.  2  mm. 

22.  9  m.  9  cm. 

imn 

1.    23.    2  m.  2  cm.  9  mn 

n.   24. 

2(lm.3cm.8mm. 

25.    16  m.  8  dm. 

3mr 

n.  26.    sm-3dm.2mn 

n.  27. 

9  m.  2  cm.  7  mm. 

(B)  Express  i 

n  metres,  decimetres,  etc. : 

1.   76  mm. 

2. 

760  mm.         3.   706  r 

nm. 

4.   8260  mm. 

6.  98  cm. 

6. 

5309  mm.       7.   234  dm. 

8.  9103  mm. 

8.  912  mm. 

10. 

9012  mm.     11.   8716 

nun. 

12.   876  cm. 

IS.    87  dm. 

14. 

962  mm.       15.   834s 

cm. 

16.   8345  mm. 

17.  8046  mm. 

18. 

7623  mm,     19.  926  cm. 

2a    1763  mm. 
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(c)  State  in  metres,  decimetres,  etc.,  the  len^hs  indicated  by  the 
figures  marked  with  an  asterisk  (*) 


3428  mm 

2.   3428  mm. 

3.   3428  miT 

4.    10862  mm 

721  cm. 

6.   6103  cm. 

7.    7123  cm 

8.   835  mm. 

7273  mm 

10.   8342  dm. 

11.   83r2mn 

.     12.  8^1  mm. 

756  dm. 

14.    3602  mm. 

15.   7432  cm 

16.   8.SS  mm- 

3 1 37' cm. 

18.   8^06  dm. 

19.   3:34  mn 

.     20.   81752  dm 

8i?S2  cm 

22,   2321  mm. 

In  the  metric  system,  it  will  be  noticed  that  multiplying  or 
dividing  lengths  by  10  is  equivalent  to  changing  the  denomina- 
tions in  terms  of  which  the  lengths  are  expressed. 

Example  (i)  3  cm.  x  10  =  3  dm. 
(2)  3cm.-Mo  =  3  mm. 

Again, 


m 


HXEKCISES    ZXVIL 

Write  down  the  following  lengths,  perform  the  multiplications 
indicated  and  arrange  as  above  : 
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Divide  the  following  : 


17.   INTRODUCTION   OF  DECIMAL   NOTATION. 

We  have  seen  that  a  length  like  2  m.  3  dm.  4  cm.  2  mm,,  can 
be  written  also  334  cm.  i  mm. 

Here,  considering  the  figures  representing  the  number  of 
centimetres,  the  3  in  the  tens  place  represents  3  decimetres  or 
30  centimetres,  i.e.  its  value  is  10  times  as  great  as  it  would  be 
if  it  had  been  located  in  the  units  place.  Similarly,  the  2  in 
the  hundreds  place  has  a  value  100  times  as  much  as  if  it  were 
written  in  the  units  place,  and  ten  times  as  much  as  if  it  had 
been  written  in  the  tens  column. 

The  length  represented  by  any  of  the  figures  depends  upon 
the  place  of  the  particular  figure.  Further,  the  1  in  the  mm. 
column  represents  a  length  one-tenth  of  what  it  would  be  were 
the  2  placed  in  the  units  place  in  the  centimetre  column ;  and 
the  length  234  cm.  2  mm.  may  be  expressed  in  terms  of  cm. 
by  adopting  some  device  to  indicate  the  unit  figure.  This  is 
done  by  placing  a  decimal  point  immediately  after  the  units 
figure  so  that  334'Z  cm,  means 

2  hundreds 

3  tens 
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and  the  2  following  the  decimal  point  has  one-tenth  the  value 
it  would  have  if  placed  immediately  to  the  left  of  the  decimal 
point,  i.e.  2  millimetres  or  z  tenths  of  a  centimetre. 

The  notation  is  extended  still  further  to  the  right  of  the 
decimal  point,  and  thus : 

34-24  dm.  is  the  same  as  3  metres  4  dm.  2  cm.  4  mm. 

Although  the  examples  given  are  all  connected  with  lengths 
expressed  in  the  metric  system,  the  decimal  notation  can  be 
applied  to  all  kinds  of  quantities. 

Thus,  34-24  fl.  means  34  feet  2  tenths  of  a  foot  and 
4  hundredths  of  a  Foot. 

Again  in  36-63  lb.,  the  6  after  the  decimal  point  represents 
just  one-tenth  the  mass  that  the  6  before  the  decimal  point 
represents,  while  the  first  3  refers  to  a  mass  one-thousand 
times  the  3  appearing  in  the  2nd  decimal  place. 

Moreover,  as  in  the  case  of  ordinary  numbers,  we  can  make 
use  of  decimals  in  the  abstract  without  reference  to  any 
concrete  quantities  at  all. 

Thus  0-3,  o-s,  0-6  ; 
and  0-3  is  one  tenth  of  3, 

5  is  ten  times  0-5, 

6  is  ten  times  0'6, 


EXERCISES    ZXVTTT 

{_T!use  exercises  may  be  -worked  through  orally  first,  and  then  again 
considered  as  •written  work.) 

1.  3  m.  2  dm.  8  cm.  as  metres  and  decimals  of  a  metre. 

2.  0-416  metre  as  (a)  decimetres,  {S)  centimetres  and  (::)  milli- 

3.  7  m.  2  cm.  5  mm.  as  (n)  decimetres,  (*)  centimetres  and  (c) 
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i.  14  m.  6  cm.  9  mm 

5.  29  cm.  6  mm.  as  n 

6.  132  dm.  3  cm.  6n 

7.  84'75D  metres  as  (a)  decimeires,  (6) 

&  0-7I1 

10.  000; 

12.  3  m. 


metres  and  decimals  of  a.  metre. 
Es  and  decimals  of  a  metre, 
as  metres  and  decimals  of  a  metre. 
ic)  mil 


2  dm.  2  n 
7  dm.  3 


14.  3T 

16.  3n 

18.  3m.4mn 

20.  0-36  dm.  3 

22.  o-oiS  m.  a 


icm.  9.   0-071  m.  s 

.  cm.  11.   317  dm.  I 

as  metres.  13.   6  m.  2  dm 

metres.  16.  4  m.  3  mn 


sdro. 


17.    2  m.  2  mm.  , 
19.   2  m.  3  dm.  : 

21.  0-4I2  m.  as 


26.   6124  c 
28.   412  dt 


Express,  as  asked  for,  the  lengths  indicated  by  the  figures 
marked  with  an  asterisk  {*)  in  the  following  ; 

31.   3424  cm.  in  cm.  32.   3424  cm.  in  mm. 

33.    53-24  m.  in  cm.  34.    5324  ir 

35.    5324  m.  in  cm.  36.   625  metres  in  mm. 

37.    17-32  metres  in  mm.  38.   8o-oi  cm.  in  mm. 

I  metres.  40.   6-23  dm.  in  cm. 

les  greater  is  the  quantity  represented  by  the 
than    the    length    represented   by   the    figure 


How  many  i 
figure  marked  , 
marked  6} 


41.   3  424  metres. 

a       i 

43.    24-34  miles. 


42.   24-24  metres. 
44.  6006  miles. 
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45.   6006^.  46.  0863;^. 

ah  a       i 

47.    36-63  £.  48.    1-234  yards. 

^      i  a      i 

49.   4-321  pounds.  60.    1-06;  gallons. 


18.   ADDITION   AND    SUBTRACTION   OF 
METRIC   LENGTHS. 

Example. — Ofre  string  is  4  metre!  2  decimetres  3  centimetres 
8  millimetres  in  length,  another  string  is  6  metres  8  decimetres 
2  centimetres  4  millimetres  long,  and  a  third  is  8  metres 
7  decimetres  7  centimetres  8  millimetres ;  what  is  the  combined 
length! 

The  example  may  be  set  down  as  in  the  addition  of  length 
in  yards,  feet  and  inches,  thus  : 

4,2.3.8  (8  +  4-1-8)  mm.  are  20  mm.,  i.e.  2  cm.  o  dm. 
6,8.  2.4  (2  +  7  +  z  +  3)cm.are  i4cra.,i',e.  I  dm.4cm- 
S  .  7  .  7  .  8  (i  +  7  +  8-t-2)dm.  are  18dm.,  ;>,  i  m,  8dm. 
— — — -  (1 +8  +  6  +  4)  m.  are  19  m- 


The  combined  length  is  therefore  19  m.  8  dm.  4  cm.  o  mm. 
The  example  may  be  worked  more  conveniently  in  terms  of 
)ne  denomination  and  decimals,  thus  : 


4238 
6824 


Care  must  be  taken  that  the  decimal  points  are  all  under 
one  another,  in  order  that  units  are  under  units,  tens  under 

tens,  etc. 


Example.— 

(1)  Expressing 

(2)  Expressing 

(3)  i 

in  metres. 

in  dm. 

4.238 

42-38 

423-; 

6-8Z4 

6824 

6S2-, 

J778 

87-78 

877- 

19-840  metres. 

198-40  dm. 

1984-' 
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Example. — A  rod  is  $  m.  o  dm.  2  cm.  &  mm.  long;  it  is 
cut  into  two  pieces,  one  of  which  is  i  m.  2  dm.  o  cm.  ^  mm. 
long.      What  is  the  length  of  the  othtr  piece '{ 

Here  it  is  required  to  subtract  i  m.  2  dm.  o  cm.  9  mm. 
from  3  m.  o  dm.  2  cm.  8  mm. 


The  remaining  piece  is  therefore  1  m.  8  dm.  i  cm.  9  mm. 

Or,    working   in  decimals  of  a    metre   we  subtract    i'ao9 
from  3-028,  setting  decimal  points  underneath  one  another  for 
the  same  reason  as  in  addition. 
3-028 

1-309  The  remaining  length  is  seen  to  be  1-819  metres. 

1-819 

EXEBCISES    TTYTTT, 

1.  Add  3.''r.'S'.T 


Set  down  the  lengths  as  decimals  of  a  metre  also,  and  add  up 

again,  checking  the  two  results  by  one  another. 

Find  the  following  sums,  verifying  as  in  the  Example  above. 

2,  3  m,  3  dm,  3  cm.  3  mm.,  4  m.  2  dm.  2  cm.  6  mm.,  4  m,  2  dm., 

3.  15  m.  2  cm.  3  mm.,  2  cm.  3  mm.,  6  m.  3  dm.  8  cm.,  8  m. : 
4^  6  m.  6  cm.  6  mm.,  2  mm.,  8  m.  8  cm.  8  mm.,  9  m.  4  cm.  5 

6  cm.  4  mm. 

5.  23  m.  4  dm.  5  cm.  6  mm.,    4  dm.  5  mm.,    9  cm.  8 

7  m.  4  cm.  3  mm.,  7  m.  2  dm.  5  cm.  4  mm. 

6.  8  m.  3  cm.  3  mm.,  3  m.  8  cm.  8  mm.,  6  m.  s  cm.,  8  m.  < 
7  cm.  7  mm. 
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7.  100  m.  a  cm,  6  mm.,  8  m.  9  dm.  7  cm.,  34  m.  8  dm.,  3  m 

2  dm.  3  cm, 

8.  7  m.  6  dm.  3  mm.,  18  m.  9  dm.  6  cm.  S  mm.,  13  m.  4  cm.  S  mm. 

12  m.  2  dm.  9  mm. 

8.    II  m.  8  mm.,   i  m.  i  dm.  8  cm.,   11  m.  8  cm.,    11  ro.  8  di 

1  dm.  I  cm.  8  mm. 

10.  9  m.  5  dm.  3  mm 

13  m.  7  cm.,  7  dm.  8  mr 

11.  26  ro,  3  mm.,   26 

12.  19  m.  8  dm.  6  mm.,  19  m.  2  mm.,  37  m.  8  dm.,  3  m.  8  dm.  9  cr 

3  m-  8  dm.  9  mm. 

13.  49  m.  5  mm.,  6  dm.  7  mm.,  8  m.  7  dm.,    15  m.  8  dm,  7  c 

2  mm.,  15  m.  8  cm.  7  mm, 

14.  5  m.  8  dm.  6  cm.,  6  m.  3  dm.  5  mm.,  6  dm.  8  cm.  J  mr 
6  m.  8  dm.  ;  mm. 

In  Exercises  15-34  perform  the  subtraction  operations  indicated, 
verifying  by  working  also  in  decimals  of  a  metre; 


cm.  9  mm.,    13  m.  8  dm.  7  mm., 
26  m.  2  dm.,  3  m.  6  dm.  2  n 


15.    From 

12 

2  .  3  ■  41;^ 

ke4 

3 

2  .  6 

16.       „ 

8 

8.0.8 

,     8 

a 

8  .  8 

17.       „ 

9 

0.0.0 

,     7 

7 

6.3 

18.       „ 

26 

1.8.3 

,    21 

8 

1  ■  3 

19.       „ 

103 

4.6.7 

,   26 

8 

3-8 

20.       „ 

100 

2,1.2 

.     3 

8 

9  .  9 

21.    Subtract  3 

m.  2  dm.  3  r 

nm. 

f 

om6m 

2  mm 

22. 

4 

Ti.  2  dm.  3  cm 

Smn- 

„  10  m 

23. 

18 

n.  3  cm.  3  m 

m. 

„  38  m 

I  dm. 

1  mm. 

24. 

7 

n,  2  cm.  I  m 

m. 

„  10  m 

8  dm, 

25. 

6 

Ti.  6  dm,  6  en 

n.  6  m 

m. 

„     8m 

2  dm. 

3  mm. 

26. 

15 

n.  6  dm.  3  cr 

n,  2  m 

m. 

„  18  m 

3  cm. 

3  mm. 

27. 

19 

u.  3  cm. 

„  19  m 

3  dm. 

28. 

7 

n.  4  dm.  2  cr 

n.  2  m 

m. 

„   12  m 

2  mm 

Dgitiz^dbv  Google 


A  MODERN  ARITHMETIC 


Si'btract  4  dm.  3  cm.  z 

mm. 

from  11  n 

1- 

„      3  dm.  8  mm. 

,.     4n 

.8  cm 

„      2  m.  7  cm.  6  m 

m. 

,,     3" 

.  2  cm 

„      5  m.  6  dm.  1  m 

m. 

„     6n 

.  5  dm 

1  cm. 

„      7  m.  6  dm.  7  c 

n.  7n- 

m.     „  13 n 

.8  dm. 

8  cm.  8  n 

„    23  m.  7  dm.  1  cr 

n.  2ni 

m.    „  30  n 

.  3  dm 

I  mm. 

Find  the  sum  of  0.896, 

^■i75, 

3201  and  6'o8. 

The  weights  of  coal  in 

four  consecutive  truclis  1 

1  a  train 

tively  8-27   tons,  lo^oS 

tons 

12-31  tons 

7-89 

tons ;    w 

total  weight  is  contained  by  the  four  trucks  ? 

37.  Five  rods  are  placed  in  line  with  one  another,  their  respeciive 
lengths  being  14-26  ft.,  13-89  ft.,  1572  ft.,  13-72  ft.  and  16-03  ft. ;  "l"^' 
is  their  combined  length  ? 

38.  A  piece  3- 26  ft.  is  sawn  off  a  rod  I2'37  ft.  long  ;  what  is  the 
length  of  the  remainder  ? 

39.  A  vessel  contains  36  gallons  of  water,  7-83  gallons  of  which 
are  run  out ;  what  does  the  vessel  now  contain  ? 

40.  F.valuate : 

(i)  6-32+7-i6+o-87-fo-26  +  7-8i4. 
(ii)  2 16- 1 -f3-8i4-t-OKJ72  + 283-1  + 3-141 +0082. 
(iii)  79-3+9i'6-t-9O-07-i-o-92+  i67-3+o-89. 
(iv)  7-36+ i8-02  +  io6.35  +  o-8l6-l- 29.3  +  30-005. 
(v)  236-2+0-89+ 107.341 +8.36+0.97  + 13776- 


(vi)  378-342 
(viii)  106.82-101.61. 
(x)  I19-17I-7I.9I. 
(xii)   100-0.09. 
(xiii)  i6.342  +  i7-9S-if 
(xiv)  io2.6i+92.83-» 
(yv)  37.86-79.21+64-I8. 
(xvi)   116-375-182-02  +  217.362. 
<xvii)  89106  +  3-782-0-983  +  2-17. 
(xviii)  io8-94-893-o6+o-89+972.5. 
(xix)  383-i6+82-76-5oo+I42.8q3. 


(vii)  612-7-89.821. 
(ix)  81-932-11.75. 
(xi)  379-33- 193'45- 


-83-62. 
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19.   MULTIPLICATION    AND    DIVISION    OF 
DECIMALS   BY  A  SINGLE   FIGURE. 

Example. — Six  rods  each  4  metres  3  decimetres  o  centimetres 
2  millimetres  in  length  are  f  laced  end  to  end.  What  is  the 
cabined  length  i 


The  combined  length  is  therefore  25  metres  8  decimetres 
I  centimetre  t  millimetres. 

Working  in  decimetres  and  decimals  of  a  decimetre,  we 
proceed  thus : 

dm. 

43-02 

^ 

258-12     The  combined  length  is  258-12  decimetres. 

Example. —  What  is  the  combined  weight  of  7  blocks,  each  one 
of  which  weighs  14-038  lbs.  i 

Bt  addilion.         Sy  mulciplicUioa. 
14-038  14-038 

14-038  7 

14-038  98-266  The  procedure  is  as  in  ordinary 

14-038  -^^^  multiplication ;  only,  as  we  pass 

14-038  the  decimal  point,  it  is  set  down 

14-038  in  the  answer. 

14-038 

98266 

The  total  weight  is  98-266  lbs. 
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Example. — A  rope    192    metres  7  decimetres   8  centimetres 

6  miilimetrts  long  is  divided  into  six  equal  parts.      What  is  the 
length  of  each  parti 


Or,  working  with  lengths  expressed  in  metres  and  decimals 
of  a  metre, 

6[i92"786 


The  length  of  each  of  the  portions  is  32-131  metres. 

Example. — If  271-365  gallons  be  divided  into  fwe  equal  parts, 
what  will  be  the  volume  of  one  of  these  parts  1 

54-473 
Each  part  therefore  has  a  volume  of  54473  gallons. 


1.  Multiply  8  metres  2  decimetres  3 
by  8 ;  also  express  the  length  in  metres  and  decimals  of  a  metre 
and  multiply  the  resulting  number  by  8. 

2.  Muhiplyas  in  (1): 


(i)    7  ■  4  ■  3  ■  2  by    7- 

(ii)    .2.3-!- 

(iii)    8.2.3.6,,    11. 

(iv)  .4.3.9. 

(V)    0  .  3  .  7  .  6  „     4. 

W    8.6.8. 

(vii)  13  .  7  .  s  .  2   „     7. 

(viii)    8.6.2. 

(i>)    9  .  >  .  »  ■  S   ,.     8. 

W  I.  .  7  .  7  . 

(xi)    8  .  3  ■  7  .  S  „     4. 

(xii)  .0.1.2. 
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3.    Divide  37  m.  2  dm.  3  cm.  6  mm.  by  6 ;  also  express  the 
length  as  a  decimal  of  a  metre,  and  divide  this  number  by  6. 
4    Divide  as  in  (3) : 


(L)    ,  .  6 

3  ■  5  by    5- 

(ii)    6.3.8 

Oby     4. 

(ili)    3  .  ■ 

4  ■  I    »      9- 

(i»)    S  •  3  •  7 

6    „      6. 

(.)    90 

2.0,,    II, 

(vi)    7.1.3 

1   „     3- 

(vii)    4  .  9 

6  .  S  „     5- 

(.iii)    8.3.3 

3  >-     7. 

(k)    2  .  6 

!  .  4   „      »• 

(«)  36  .  5  .  I 

3   „      9. 

(xi)    6  .  0 

0  .  0  .,     8. 

(xii)  21.2.3 

4   „      3. 

(xiii)  ,6  .  s 

6.4,,     4. 

(xiv)     2.0.7 

5  „     5- 

<xv)    8.9 

7.6,,    u. 

5.  In  lifting  a  weight  by  a  block  of  pulleys,  the  weight  only 
rises  one-fifth  of  the  distance  the  rope  is  pulled  down  by  the  man 
lifting  the  weight.  What  distance  will  the  weight  be  lifted  when 
the  man  pulls  in  6-75  ft.  of  rope  ?  State  also  the  length  of  rope 
pulled  in  by  the  man  when  the  weight  is  lifted  through  a  distance 
of3  28ft. 

6.  Multiply  : 

(i)  8.961  by  (..)  3,  W  S,  W  7,  W  9- 
(ii)  0062!  by  (0)  2,  («)  4.  (r)  6,  W)  8. 
(iii)  l4.ot6by(«)7,(»)9,  <«)8. 
(i,)3.,62by(.)4,(»)3,(t)7,('')9. 


i)  7-6  by  («)  2,  (I)  4,  (d  8. 

i)  00621  by  (rt)  3,  (*)  9. 

i)  13-629  by  (a)  3,  (A)  7. 

')  624.37s  by -I  (S),  A  (3),  c  (9). 

;)  i«by(»)2,(«)4,(4  8. 

i)  3-0  by  (a)  4,  («)  8. 

i)  411-264  by(«)  4,  (fl  3,(4  12- 

i)  00024  by  («)  3,  («  4,  (4  6,  W  8,  (.)  12. 

0061782  by  (0)3,  0)6. 

:)  36O024  by  (a)  2,  (*)  4,  (<)  8. 

i)7-2by(^)S,(»)ia,(<:)8,(i)9. 
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8.  What    is   the   sixth  part  of  (a)  ^4-7268,  (#)   18-324  lbs., 
(c)  170-8146  ft.? 

9.  Subtract  the  seventh  part  of  .£8743  from  the  twelfth  pari 

ofjC36'324. 
10.   Add  the  eleventh  0589-32  lbs.  to  the  fifth  part  of  9-3  lbs. 


20.   MULTIPLICATION   OF  DECIMALS. 


Oeneral  Case. 

When  a  number,  say  328-25,  is  n 

nultiplied  by  10,  the  e 

as  has  been  seen,  is  that 

where  we  had  3  hundreds  we  n 

ow  have  3  thousands, 

„         „       2  tens                „ 

„      2  hundreds. 

„         „       S  units               „ 

„     8  tens, 

„         „       2  tenths             „ 

„       2  units, 

„         ,,       5  hundredths    „ 

„       5  tenths. 

The  place  value  of  each  digit  is  raised  tenfold;  the  result  is 
thus  represented  by  3282-5,  and  each  digit  is  moved  one  place 
to  the  /eji  with  reference  to  the  decimal  point. 

If  we  multiply  by  100,  the  units  become  hundreds,  the  tens 
become  thousands,  tenths  become  tens,  and  hundredths 
become  units;  the  place  value  of  each  digit  is  raised  a 
hundredfold;  the  result  32825  is  obtained  by  moving  each 
digit  two  places  to  the  lefi. 

When,    in   a   similar   way,   we  multiply  by  o-i,  each  unit 
becomes  a  tenth,  and  following  the  analogy  each  ten  becomes 
a  unit ;  so  that  in  the  product  of  328-25  by  o-i, 
instead  of  3  hundreds  we  have  3  tens, 
„         z  tens  „  2  units, 

„        8  units  „         8  tenths, 

„        2  tenths  „         2  hundredths, 

„        5  hundredths  „         5  thousandths. 
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The  place  value  of  each  digit  is  reduced  to  one-tenth  of  its  value, 
so  that  328-25  when  multiplied  by  o-i  becomes  ja-Sas;  and 
we  notice  that  all  the  digits  are  moved  one  place  to  the  right 
relatively  to  the  decitnal  point. 

Similarly,  multiplying  byo-oi,  the  place  value  will  be  further 
reduced,  so  that  thousands  digits  become  tens  digits,  hundreds 
digits  become  units,  tens  digits  become  tenths  digits  and  so 
on;  and  32825x001  becomes  3-2825;  each  figure  being 
moved  two  places  to  the  right. 

Example. — To  multiply  328-25  by  0-4. 

The  result  is  evidently  4  times  that  of  multiplying  by  o-i, 
reducing  the  place  value  of  each  digit  one-tenth  and  multiplying 
by  4 ;  in  other  words,  multiply  by  4  and  move  each  digit  one 
place  to  the  right 

Example. — To  multiply  328-32  by  0-04. 

The  place  value  of  each  figure  is  reduced  to  a  hundredth 
of  the  former  value,  and  the  altered  number  then  multiplied 
by  4. 

Thus,  328.32  X0.04  becomes  3.2832x4=13-1328. 


EXEBCISEB   XXZI.  a. 


1.  (a)  Multiply 

■  1000  by  4>  004,  0-4- 

(*)        » 

300  by  30,  003,  o-caz,  0-5,  o-o6. 

w    .. 

250  by  0-4,  0-2,  0-02,  00O&,  12,  1-2. 

¥)        „ 

800  by  0-D5,  0-005,  5i  O'O?,  0-9- 

(e)        „ 

0-05  by  10,  loc^  300,  o-oi. 

if)        " 

37-2byo-i,o-ooi,oor. 

(^)        „ 

1-6  by  0-3,  0.9,  9,  0-09. 

2.   One  line  is  3  m.  2  dm.  i  cm.  long,  a  second  line  is  0-4  times 

s  much ;  what  is  its  length  ? 
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S.  What  is  the  length  or  a  line  007  times  that  of  a  line  83  m. 
2  dm.  long  ? 

4.  0'4  of  a  street  378  m.  4  dm.  long  has  to  be  asphalted  and 
the  remainder  to  be  paved.  What  lengths  have  10  be  treated  in 
each  way  i 

Example. — To  muitipfy  26-3  by  24-sa. 

Following  the  reasoning  employed  in  ordinary  multiplication, 
we  may  say  that  we  have  to  find 

(36-3  X  20)  +  (26-3  X  4)  +  (a6-3  x  0-5)  +  (26-3  ^  0-02). 
The  arrangement  is  as  follows : 
26-3  (")  Multiply  by  20  by  first  increasing  the  place 

24.52         value  by  10  (moving  figures  one  place  to  left), 
— — —         and  then  multiply  the  result  by  t,  obtaining  526. 
J  (i)  Multiply  by  4  and  obtain  io5'2. 

j,.,e  (<:)  Multiply  by  0-5,  i.e.  move  the  figures  one  place 

-526        '°  n^X  relatively  to  the  decimal  point,  and  multiply 
— —        by  s,  obtaining  13-15. 

^^'  '  {d)  Multiply  by  0-02,  by  moving  the  figures  two 

places    to    the    right    relatively    to    the   decimal    point,    and 
multiplying  by  2,  obtaining  0-526. 

(e)  Add  up  526, 105-2,  13-15,  0-526,  obtaining  as  final  result 
644-876. 

We  can  conveniently  arrange  the  work  as  below,  where  it 
will  be  noticed  that 
gg  (fl)  The  units  digit  of  the  multiplier  is  placed 

under  the  last  figure  of  the  multiplicand. 

Note — When  the  multiplier  is  less  than  unity, 
say  0-24,  this  cypher,  which  should  always  precede 
the  decimal  point,  must  take  the  place  of  the  units 
digit,  and  be  placed  under  the  last  figure  of  the 
multiplicand. 

(5)  When  we  multiply  by  any  digit,  the  partial 
product  is  set  down  with  its  figure  of  lowest 
place  value  immediately  under  that  digit,  i.e.  in  multiplying 
by  4,  the  2  is  set  underneath  the  4  ;  in  multiplying  by  0-02  in 
the  last  partial  product,  the  6  is  underneath  the  2  and  so  on. 


1052 
■3>S 
•526 

644-8  76 
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(e)  The  decimal  point  in  the  answer  is  now  underneath  the 
decimal  point  of  the  multiplicand  before  the  multiplication 
took  place. 

(J)  There  are  as  many  decimal  figures  in  the  product  as 
there  are  altt^ether  in  the  two  numbers  multiplied ;  thus  in 
the  example  we  have  two  decimal  figures  and  one  decimal 
figure  respectively  in  the  two  numbers  whose  product  is  found) 
and  three,  i.e.  2  +  1  decimal  figures  in  the  answer. 


BZEBCISE8   XXXTi  b. 

1.  If  one  cubic  foot  of  fresh  water  weighs  62-5  lbs.,  what  will 
be  the  weight  of  1 1  ■  1 1  cubic  feet  ? 

2.  If  a  gallon  equals  016  of  a  cubic  foot,  what  will  be  the  weight 
of  a  gallon  of  water,  assuming  one  cubic  foot  of  water  to  weigh 
61-S  lbs.? 

3.  If  sea  water  be  1-027  times  as  heavy  as  fresh  water,  and  one 
cuHc  foot  of  fresh  water  weighs  62-5  lbs.,  how  much  will  a  cubic 
fool  of  sea  water  weigh  ? 

1  If  iron  be  7-73  times  as  heavy  as  fresh  water,  what  is  the 
weight  of  a  cubic  foot  of  iron  ? 

5.  An  acreage  of  27-75  ^c^s  is  rented  at  ^12-8  per  acre.  What 
is  the  rent  ? 

6.  An  engine  draws  up  from  a  pit  376  trams  of  coal  each 
averaging  0-645  tons.     What  is  the  total  amount  raised  ? 

7.  A  liner  completes  a  voyage  in  64  days,  and  makes  an 
average  run  of  18-25  knots  per  hour.  What  distance  has  been  run, 
assuming  a  knot  to  be  1-15  miles? 

8.  What  is  the  value  to  the  nearest  franc  of  7924  metres  of 
silk  at  8-75  francs  per  metre? 

9.  The  wheat  yield  of  a  field  of  196  acres  is  at  the  rate  of 
27-45  bushels  per  acre.    What  is  its  value  at  ^0-325  per  bushel? 
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10.  If  0-917  of  a  sovereign  be  pure  gold,  how  much  pure  gold  is 
there  in  23-27  lbs.  of  standard  gold?  (Standard  gold  is  the  gold 
from  which  sovereigns  are  made.) 

11.  If  the  weight  of  a  sovereign  when  turned  out  from  the  mint 
be  123-27  grains,  what  is  the  weight  of  pure  gold  that  a  sovereign 
contains  ?    (Refer  to  previous  question.) 

12.  If  j^i  be  equivalent  to  25-25  francs,  what  sum  in  francs  would 
be  equivalent  to  {a)  £ys,  (ff)  £1 3'43  ? 

13.  If  one  foot  of  lead  piping  weighs  1-S2  lbs.,  what  will  be 
the  weight  of  a  piece  of  such  piping  22-3  feet  in  length  ? 

li.  If  1  lb.  of  water  has  a  volume  of  0-016  cubic  feet,  what  will 
be  the  volume  of  an  amount  of  water  which  weighs  26-2  lbs.? 

15.  When  a  body  floats  it  displaces  its  own  weight  of  water. 
What  volume  of  water  will  be  displaced  by  a  floating  body  whose 
weight  is  7-26  lbs.?  (i  lb.  of  water  occupies  a  volume  equal  to 
0-016  cub.  ft.) 

16.  What  will  be  the  volume  of  water  displaced  by  a  boat 
weighing  420  lbs.?    (Refer  to  previous  question,) 

17.  Assuming  i  metre  =  39-37  inches,  find  the  Enghsh  equivalents 
in  feel  and  inches  of  the  following  lengths : 

(^)  5  ra.  (i)  3  m.  2  cm.  (c)  3  m.  2  dm. 

(rf)  3  m.  2  mm.         (e)  36  m.  3  mm.  (/)  78-32  cm. 

(^)  9i'82  cm.  (A)  101-63  mm.  (0  238  cm. 

O)  z-707  dm.  (i)  0-5885  m.  (/)  101-2  mm. 

Note. — i  metre  is  not  exactly  39-37  inches,  so  that  the  results 
obtained  in  this  exercise  are  not  quite  in  accordance  with  the  truth. 


EZEB0I8ES   inrTT  c 

L   Muhiply  763  by  (a)  7-26,  (i)  o'726. 

2.        „         893-21  by  {a)  0-0076,  {b)  76,  (<:)  0076,  (rf)  2-82, 
(«)  0-282,  C/)3i7.  C?)3'i7- 


;dbv  Google 


MULTIPLICATION  OF  DECIMALS  103 

3.  Multiply  0093s  by  (a)  87-64,  (ff)  876-4,  (c)  8764,  (rf)  590, 

(*■)  5900- 

4.  „  IOO-82  by  (a)  375.  (*)  3-75.  W  oo37S.  (fO  '3-86, 

(^)  1-386. 

5.  „  97-875  by  (a)  424,  (6)  4-24,  (c)  42-4,  (^0  800,  («)  80, 

(/)  0-008. 

6.  „         68-125   by  (<z)  128,  (6)  12-8,  (c)  0-0128,  (rf)  1728, 

W  17-28,  (/)  172-8. 

7.  „         89-926  by  (a)  212-5,  (<*)  21-25.  W  2-125,  W  0'02i35, 

(^)i8,(/)o-i8. 

8.  Evaluate  (a)  (76-32)",  (i)(8-4)',{0  (o'85y'>('<K>-7S)*- 

9.  „         (a)(7-6)Sx(2-i)S,{iS)(98)Sx(o-o2s)',(c)(i-2)'x((K.4)». 
10.        „         (a)  (io-2f,  (d)  (10-3)",  {^){ioo-5)",  (rf)  (500-1)'. 

IL        „         (fl)(896.2)*,(i)(86-2i)x(o-762),{4(98.2)x(9-i).- 

12.        „         (a){iooi-2)x(998-8),  (*)(ioo-25)x(99-7S),  W(8o-i) 
x(79-9)- 


XXXI.  d. 

Hental  or  Oral. 
Write  down  the  product  of  the  numbers  represented  by  the  digits 
marked  with  an  asterislc 

1.  432-12  and  0062.-  2.  59-82  and  2-32. 

3.  5-86  and  102.  4.  37-402  and  0-0372. 

5.  37402  and 0-372.  6.  07182  and  718-2, 

7.  0-572  and  0-572.  8.  883-2  and  2-88. 

9.  1003-5  ^it*  0001035. 
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[Apparatus;  Calipers,  Mocks,  coiits,  tubes,  spheres  andscales.l 

1.  Employ  your  calipers,  or  other  instruments,  to  measure ; 

{a)  The  diameter  of  a  halfpenny. 
(6)  The  diameter  of  a  penny. 
{c)  The  dimensions  of  the  given  block. 
(rf)  The  inside  diameter  of  the  given  tube. 
Express  your  measurements  in  inches,  and  also  in  centimetres 
and  millimetres. 

2.  Measure  the  diameter  of  the  given  sphere. 

To  measure  the  diameter  of  a  ball  an  indirect  method  must  be 
used,  because  of  the  difficulty  of  measuring  the  diameter  of  a 
sphere  directly  with  a  scale. 


Procure  two  rectangular  wooden  blocks  larger  across  than  the 
sphere.  Push  the  two  blocks  against  a  third,  or  against  any 
upright  surface,  so  as  lo  keep  them  parallel,  and  [hen  place  the 
wooden  sphere  between  them  and  measure  its  diameter,  as  in 
Fig.  12.  The  scale  is  there  shown  placed  on  the  blocks  "edge 
on,"  which  is  the  correct  way  to  use  a  wooden  scale  for  sucli 
measurements  as  this.  A  thin  metal  scale,  however,  may  be  laid 
flat  on  the  blocks.  Make  measures  with  the  sphere  in  different 
positions,  and  find  the  mean  or  average  result. 

Measure  the  diameter  of  the  sphere  also  by  menns  of  calipers. 
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JOS 


3.  (i)  Draw  9  parallel  lines  at  a  distance  apart  of  one  inch,  and 
number  them  o,  1,  2,  ,..8,  Take  any  point  O  on  the  'o'  line  and 
draw  a  straight  line  OA  to  the  '8'  line;  measure  along  the  '8' 
line,  a  distance  AB  of  one  inch,  and  join  OB.  Mark  the  intercepts 
on  your  lines  I,  2.  etc.,  by  OA  and  OB,  (i),  (ii),  (iii),  (iv),  etc., 
respectively  1  measure  the  intercepts,  and  test  them  by  the  scale  of 


01         2a4Bars 
I 


{6)  Draw  a  new  set  of  9  parallel  lines,  at  any  distance  apart, 
provided  the  lines  are  equidistant,  and  repeat  the  procedure  in  3  (a). 
[The  results  of  the  class  may  be  compared  on  the  board.] 
(c)  Repeat  the  procedure  in  3  {a),  using  however  11  straight 


lines,  and  a 
The   1 

the  perpend 


the  lengths  of  the  intercepts. 

of   length  of  the   intercepts   suggests  i 
lII  distances  by  means  of  a  wedge, 
trip  of  squared  paper,  divided  into  centimetres,  anc 
ng"ht-ang^ed  triangle  with  a  base   1 


Using  a  glass  tube,  push  the  acute  angle  of  the  wedge  into  the 
tube  until  the  wedge  will  go  no  farther  without  getting  bent,  then 
read  off  the  diameter  of  the  tube. 

5.  Construct  a  similar  wedge,  but  where  the  height  is  one  inch 
and  the  length  id  inches. 

(a)  Measure  the  diameter  of  the  tube  to  the  hundredth  part  of 
an  inch. 
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{i)  Express  in  cm. : 

(Ociin.,  (ii)o.i6in.,  (m)o-2 
(c)  Express  in  inches  : 

(i),cm.,    (ii)  1.8  cm.,    (iii)o. 


,  (iv)o.3in.,  (.)o.36i. 


(iv)  1.5  c 


(v)  J.,  c 


6.  Repeat,  if  necessary,  Exercise  3  (a)  and  3(^),  and  notice  that, 
if  in  each  case  the  intercepts  be  produced  a  further  distance  of 

(i)  all  the  ends  will  still  lie  on  a  straight  line  ; 

(ii)  the  lengths  will  now  be  (a)  one  inch,  one  inch  and  an 
eighth,  one  inch  and  two  eighths,  etc, ;  (i)  i  inch,  i-i  inch,  i'2  inch, 
1.3  inch,  etc. 


Dl  234587S 

A 


Study  a  diagonal  scale  ;  notice  that  you  can  read  off  distances 
IS  small  as  o-oi  inch  and  rising  by  steps  of  001  inch  to  5  inches. 

7,    Use  a  diagonal  scale  to  draw  lines  of  the  following  lengths  : 
o-8z  in,,       o-z8  in.,        1-28  in.,        I-Ss  in.,       4'82  in. 
428  in.,        z-s6  in.,       2.65  in.,        3-65  in.,        3-56  in. 


8.    Calculate  in  each  c; 


E  the  length  in  inches  equivalent  tt 


9.  If  a  straight  line  measured  fi-om  left  to  right  be  accounted  + 
and  „       „        „  „  „     right  to  left  „  „  -, 

find  graphically  the  result  of  the  following  operations,  and  verify  by 
calculation ; 

(a)  2-36+3-oi-2-63+i-o6— 3.         (i)  4-62-I-63+0-91 -3-42+3. 

(c)  4-62-i68+<>9i-3-4i-o-3.     (rf)  i-87+o-;3-o-3S-i-78. 

(e)  1-87+O-S3-0-36-078. 
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21.   DIVISION  OF  DECIMALS. 

General  Oaae. 

Example.  —Haw  many  hngths  each  23-28  cm.  can  be  cut  off  a 
rod  %^ej-f)Z\  cm.  long?     What  also  will  be  left  over? 

The  rod  has  to  be  divided,  and  the  problem  is  the  same  as 
if  we  were  told  that 

each  length  was  2-328  dm.  and  the  rod  34-5681  dm. 

or  thateach  length  was  23z-8mm.  and  the  rod  345681  mm. 

That  is  to  say,  the  decimal  point  in  the  divisor  can  be  moved 
any  number  of  places  to  right  or  to  left,  provided  that  in  the 
dividend  the  decimal  point  be  moved  the  same  number  of 
places  to  the  tight  or  to  the  left  as  the  case  may  be. 

It  will  be  most  convenient  to  move  the  decimal  point  until, 
in  the  divisor,  the  digii  of  highest  place  value  is  the  units  digit. 

Thus  345-681 -^23-28  =  34-5681-^2-328,  where  the  decimal 
point  has  been  moved  one  place  to  the  left  in  divisor  and 
dividend,  so  that  in  the  divisor  2-328  the  figure  of  highest 
place  value,  i.e.  the  first  2,  is  in  the  units  place. 

Remembering  that  the  divisor  is  between  2  and  3,  proceed 
as  in  short  division  until  the  first  significant  figure  is  obtained ; 
here  it  is  easily  seen  to  be   i,  its  position  is  over  the  3; 
and  the  first  part  of  the  quotient  is  10. 
4-  =  2nd  part  of  Quotient. 
ist  part  of  Quotient. 

1 34'5^   '  Proceed    now    as    in   ordinary   division 

and  obtain  the 
..  first  partial  remainder,  i.e.    11-2881. 

Divide  again;  the  2nd  part  of  the  quotient 
is  4,  its  position  is  over  the  4;  and  the 
,.  remainder  is  1-9761  dm. 

Hence  (10  +  4),  i.e.  14  lengths,  can  be  cut  off,  and  a  piece 
1-9761  dm.  or  19-761  cm.  will  be  left  over. 
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The  work  may  be  shortened  by  writing  remainders  only, 
and  then  appears  thus : 

14  =  Quotient 


34-5681 
11-3881 
i-^^ei  =Kemainder  in  dm. 


The  problem  of  division  may  be  expressed  in  another 
way,  thus : 

What  number  must  23-23  be  multiplied  by  so  as  to  yield 
30-299  ? 

In  problems  of  this  kind  the  divisor  may  be  greater  than  the 
dividend,  and  the  quotient  will  be  a  decimal  less  than  unity. 

Example.— 7ij/«<//A«iwA«  o/"o-323-!- 62-5. 

As  in  the  last  example,  the  decimal  point  is  moved  in 
divisor  and  dividend,  until  in  the  divisor  the  digit  of  highest 
place  value  is  in  the  units  place;  0-0323 -t-6'25  is  thus  obtained-. 

Remembering  that  in  any  decimal,  cyphers  may  be  added 
to  the  right  of  the  last  decimal  figure,  without  altering  the 
value  of  the  decimal,  the  procedure  is  as  in  the  last  example. 

0-000008 4th  part  of  the  quotient 

0-00006     3rd    „     „     „         „ 

o-oooi  2nd  „     „     „         „ 


0-03230000 
0-03125 

0-001050 

0-000625 

...ist  remainder. 

0-0004250    .. 
0-0003750 

...and  remainder. 

0-00005000 

...3rd  remainder. 

The  complete  quotient  is  0-005168. 
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Many  of  the  cyphers  are  often  omitted  in  actual  work,  thus ; 
0005 168  =  Quotient 


6^5 

I4250 
1 3750 


or  writing  remainders  only : 

o-ooj  r68  =  Quotient 
6-ag  I  0-03230000 


It  will  be  noticed  that  when  the  necessary  cyphers  are  added 
to  the  dividend,  the  number  of  decimal  figures  in  the  dividend 
is  equal  to  the  sum  of  the  number  in  the  divisor'and  the  quotient. 


xxxn.  a. 

aeutal  or  OraL 

ide4by(a)o-4,(*)  5.W  ''■8,('0  20. 
i6byWs,(^)  50,  (^)  0-8,  (rf)  008. 
24  by  {a)  8,  (b)  0-6,  (<■)  60,  {d)  03,  {e)  300,  (/)  40. 
24oby(a)  6,(^)  6o,(::)  600, (^  o-(,,{f)  0.12,  (/)  80a 
30 by  («)  4,  (*)  40,  W  75,  ('^>  S,  W  0-5,  (/)  0-6,  (^)  600. 
48  by  (a)  8,  (^)  80,  (f)  60,  (rf)  12,  {*)  0-12,  if)  2-4, 

(^)  24,  {k)  34a 
4-8  by  (a)  03,  (b)  0-48,  (f)  0-6,  id)  8,  (*)  0-8,  C/)  16. 
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8.  Divide    7-2   by    (a)  2-4,    (S)  72,   (c)  0-9,    (rf)  0-72,   (e)  0-8, 

(/)o-24,C?-)  36,  W  3-6. 

9.  „      0.64,  by  («)  0-4,  (*)  6.4,  (c)  8,  (^)  0.8,  W  32,  (/)  0.32, 

(g)  1-6. 

10.  „      9-6  '  by    (^)  1:!,    (d)  0.8,    (^)  o-i6,    (rf>  3.2,    ie)  48, 

(/)  480,  <j)  0-6,  (A)  0-06. 

11.  How  oflen  is  0-25  of  a  yard    contained    in    (a)  5    yds., 
(*)  so  yds.,  (e)  4  yds.  ? 

12.  How  many  times  is  o-8  of  a  lb.  contained  in  (a)  J  lb., 
(S)  7-2lb.,  (<:)  16  lb.? 

13.  Divide  7S'^-  into  («)  S^--  (*)  ^j.  6^,  (e)  lot.  and  (lO  £l. 

14.  By  what  must  3-2  be  multiplied  to  give  (a)  1-6,    (i)  48 
and(f)  80? 


22.   DIVISION  TRUE  TO  A  CERTAIN  NUMBER  OF 
DECIMAL  PLACES. 

Just  as  in  earlier  problems  (p.  36),  results  were  required  to 
the  nearest  unit  or  to  the  nearest  hundred,  etc.,  so  frequently 
in  the  division  of  decimals  the  process  need  not  be  carried  on 
very  far ;  it  is  enough  to  obtain  the  result  true  to  a  certain 
number  of  decimal  figures. 

Thus,  in  dividing  0-0423  by  7,  we  obtiun 
O'Oo6,04z8s... . 
The  result  of  the  division  is  o-ao6  true  to  three  decimal  places, 
0-006043  fis  to  the  nearest  figure  in  the  sixth  place,  and  so  on. 


EXERCISES   ZZZILb. 

L  The  weight  of  one  gubic  foot  of  iron  being  485  lb.,  and  the 
weight  of  one  cubic  foot  of  water  being  62-S  lb.,  how  many  times 
heavier  is  iron  than  water?  (In  other  words,  find  the  specific 
gravity  of  iron.) 
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2.  What  is  the  volume  in  cubic  inches  (true  to  3  decimal  places) 
of  a  7  lb.  cast-iron  weight  when  a  cubic  inch  of  it  weighs  0-26  ib. 

3.  Given  that  a  metre  is  equal  to  39-37  in.,  what  multipliers 
roust  be  used  to  convert  metres  into  yards  and  to  convert  yards 
into  metres  (true  to  four  places  of  decimals)  ? 

4.  A  litre  is  equivalent  to  1-7617  pints;  knowing  that  8  pints 
make  i  gallon,  express  36  gallons  in  litres  (true  to  two  places  of 
decimals). 

5.  How  many  limes  can  a  vessel  holding  3-4S  pints  be  filled 
from  one  holding  18-732  gallons,  and  what  amount  remains? 
(1  gallon  equals  8  pints.) 

6.  A  metre  being  known  to  be  equal  to  y^yj  inches ;  how  many 
metre  rods  could  be  cut  olT  from  a  rod  loyards  long?  What 
would  be  the  length  of  the  piece  left  over? 

7.  How  many  metres  could  be  cut  off  from  a  rod  7  ft  long  ? 
State  the  length  of  the  piece  remaining. 

8.  If  one  cubic  foot  of  brass  weigh  551-2$  lb.,  how  many  cubic 
feet  will  there  be  in  a  brass  block  weighing  IZ90-95  lb.  ? 

9.  When  a  certain  screw  is  turned  round  through  one  complete 
revolution,  its  head  goes  forward  by  0-132  of  an  inch.  How  many 
turns  must  you  give  such  a  screw  to  drive  ii  into  a  piece  of  wood  to 
a  depth  of  1-716  inches? 

10.  The  pitch  01  a  screw  being  0-166  inch,  how  many  turns 
must  you  give  it  to  move  it  forward  through  a  distance  of  1-328 
inches  ?  (The  pitch  of  a  screw  is  the  distance  the  screw  moves 
forward  when  turned  through  one  complete  turn  or  revolution.) 

11.  Divide  {a)  io8-t  by  23,  then  write  down  the  quotients  of 
{p)  10-81  by  0-23,  (c)  1-081  by  230,  {d)  001081  by  33,  (e)  1-081 
by  0-0023. 

12.  Divide  {a)  z-511  by  0-27,  then  write  down  the  quotients  of 
{b)  251-1  by  27>  if)  000Z511  by  0037,  {d)  0-2511  by  3700^  (e)  3511 
by  00027. 

13.  Divide  (rt)  3024  by  3-6,  then  write  the  quotients  of  (^)  3014 
by  3-6,  {c)  30.34  by  0036,  (rf)  003024  by  360,  (e)  0003014  by  00036. 
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14.  Divide  (a)  336-42  by  0-54,  then  write  the  quotients  of 
(*)  033642  by  540,  (c)  0-033642  by  5-4,  (rf)  3.3642 'by  0-0054, 
(e)  3-3642  by  54. 

15.  Divide  (a)  500-208  by  0-68,  then  write  the  quotients  of 
(i)  5003-08  by  0-68,  (c)  5002080  by  0068,  (d)  0-00500208  by  680, 
(e)  0-500208  by  6800. 

16.  Divide  (a)  5726-885  by  60-283,  then  write  the  quotients  of 
ii)  57-26885  by  602-83,  (<■)  572-6885  by  6028-3,  {ti)  0-5726885  by 
0-060283,  (")  0-05726885  by  60-283. 

17.  Divide  (a)  29019-69  by  36-5,  then  give  the  quotients  rf 
{i)  290-1969  by  0-365,  (::)  002901969  by  365,  (rf)  290C-969  by  365a 

18.  Divide  (a)  74820025  by  1867,  then  give  the  quotients  <rf 
(d)  0-74820025  by  18-67,  (e)  7482-0025  by  18670,  {d)  748200-25  by 
i86-7,  (e)  7-4820025  by  0-01867. 

19.  Divide  (a)  5942-6842  by  73'4.  then  give  the  quotients  of 
(i)  59-426842  by  734.  (c)  59426-843  by  7340,  (rf)  0-59426842  by 
o<J734>  (^)  594-26842  by  0-00734. 

20.  Divide  (a)  281-37084  by  57-9,  then  give  the  quotients  of 
(6)  28-137084  by  579,  (f)  281370-84  by  57900,  (rf)  0-28137084  by 
5-79,  ie)  28137084  by  00579. 

21.  Divide  (a)  117-1408  bv  2091-8,  then  give  the  quotients  of 
(i)  117140-8  by  20918,  {c)  ii7[-4o8  by  20918,  (d)  1-171408  by 
0-0020918. 

22.  Divide  (a)  2791-490  by  3-94,  then  give  the  quotients  of 
(d)  37-9149  by  394>  W  0-279149  by  39'4.  (d)  27914-9  by  0-00394. 

23.  Divide  (u)  71656-228  by  95-06,  then  give  the  quotients  of 
(*)  71-656228  by  950-6,  (f)  716562-28  by  9506,  (d)  7165-6228  by 
0-9506,  (if)  716-56228  by  0009506. 

24.  Divide  (a)  240493-344  by  63-4,  then  give  the  quotients  of 

(5)  2404-93344  by  6240,  (<:)  24-0493344  by  0-624,  ('^)  0-240493344  by 
6-24,  W  240493344  by  62400. 

25.  Divide  (a)  882-54019  by  90703,  then  give  the  quotients  of 

(6)  88254-019  by  90-703,  (c)  8825-4019  by  9-0703,  (rf)  88254-019  by 
907-03,  (/)  88254019  by  9070300. 
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23.     BRITISH  MEASURES  OF  LENGTH  (continued). 

Other  British  systems  for  measuring  length  exist,  in  addition 
to  those  mentioned  already  (p.  74).  Thus,  in  surveying,  we 
have 

100  linTra       =  \  chain, 
35  links       =  [  pole, 
10  chains    =^  i  Airloag, 
8  furlongs  =  i  mile. 

Some  other  measures  used  in  special  branches  of  work  are 
the  following : 

I   Qflographical    mile    or  Nautical    mile  =  i-i5    ordinary  or 

Statute  mile, 
1  League  =3  miles, 

I  Cable     —about  100  fathoms,  but  a  varying  length, 
I  Fat]tom  =  6feet, 
I  Pace  [Military]         =  a  ft.  6  in., 
r  Pace  [Geometrical]  —  5  ft., 
I  Ell  =1-25  yards, 

I  Cubit  =18  inches, 

I  Quarter  or  Span      =  9  inches, 
I  Hand  =  4  inches, 

I  Palm  =  3  inches, 

I  Nail  =225  inches, 

12  Lines  =  73  points  =iinch. 

Example. —  To  express  2  yards  2  feet  9  inches  in  feet  and 
decimals  of  afoot. 

Since  12  inches  make  i  foot,  divide  9  by  iz  to  change 
the  inches  to  feet, 

,'.    2  yds.  2  ft.  9  in,  =  2  yds.  2-75  fl.  =  8-75  ft. 
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Example. — To  express  3   mi/es  a  fur.  $  ck   $  /is.  as  a 
decimal  of  a  mile. 

3  miles  4  fur.  3  ch.  5  Iks, 
=  3  miles  4  fur.  3-05  ch.         Since  100  Iks.  =  r  ch.         1 
I  Ik.  -001  ch.    / 
=  3  miles  4-305  fur.  Since   10  ch.  =  i   furlong,  divide 

the    number   of  chains   by    10   to 
express  in  furlongs. 
=  3-538115  miles.  Divide    the    furlongs    by   8    to 

express  in  miles. 


5-1627  miles  Multiply  the  decimal  part 

by  8  to  express  in  furlongs. 

=  5  miles  i'3or6  furlongs 

—  5  miles  I  fur.  3-016  chains  Multiply  '3016   by   10    to 

express  in  chains. 

=  5  miles  I  fur.  3  ch.  i-6  Iks.  Multiply  -016    by  100   to 

express  in  Iks. 


EXEBCISES   yxJCiii 

Express  as  decimals  of  a.  mile  : 

fur.    cb.       Iks.  fur.  cb.     Ik>. 

1.  2  .  3  .    2.  2.  3  ■  8  .  32- 

3.  7  -  6  .     8.  4.  4  .  a  .  64. 

5.  3  .  3  .     3.  e.  6  .  9  .  72. 

7.  3  ■  2  ■    6-  8.  6  .  7  ■  76. 
Express  in  furlongs,  chains  and  links  : 

9.       3-26  of  a  mile.  10.  0-33S4  of  a  mile. 

11.     1-063        „  12.  0-089 

15.  2-163        ■,'  !*■  4-361 

16.  7-125        ..  16-  0-375        ,. 

17.  0-003        „  18.  6-81  „ 

19.   A  ship  sails  at  the  rate  of  12  knots  per  hour  ;  how  long  will 
it  take  to  complete  a  voyage  of  1700  statute  miles?    (i  knot  or 
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nautical  niile=i-iS  statute  miles.)    Slate  the  answer  true  to  the 
nearest  hour. 

Note.— Much  confusion  exists  relatively  to  the  use  of  the  term 
'knot.'  Some  authorities  treat  it  as  in  Ex.  19,  i.e.  as  a  distance. 
Other  authorities  use  it  as  a  speed,  ;>.  one  knot  is  regarded  as 
one  geographical  mAe  per  hour. 

20.  A  ship  covers  a  distance  of  288  miles  in  a  day  (34  houn). 
What  is  its  speed  in  miles  per  hour  P 

21.  An  express  train  ran  a  distance  of  457-86  miles  in  7'8  hrs. 
What  was  the  average  speed  in  miies  per  hour? 

22.  Express  in  yards  and  decimals  of  a  yard  a  distance  of  7  ch. 

23.  The  distance  between  the  wickets  on  a  cricket  pitch  is 
I  chain.  Express  in  miles  the  distance  a  man  runs  in  scoring 
120  runs,  64  of  which  were  ran  out,  assuming  the  distance  covered 
for  earh  iiin  to  be  the  same  as  the  distance  between  the  wickets? 

24.  Express  in  feet  and  inches  the  heights  of  the  horses 
mentioned  in  the  following  extracts  of  advertisements  : 

(1)  Good  Brougham  Horse,  16-1  hands  high. 

(2)  Carriage  Gelding,  15.2      „  „ 

(3)  Black  Brown  Gelding,     16        „         „ 

(4)  Bay  Cob  Gelding,  ij        „        „ 

(5)  Bay  Gelding,  15-8     „         „ 

(6)  High  stepping  Bay,  143     „        „ 

(7)  Cleveland  Bay,  I5'3     „        „ 

25.  In  the  given  table  of  velocities,  some  of  which  are  only 
approximate,  fill  in  the  last  column  ; 

Ccnlimclru         F«[       KilomFtru  K\\t%    Milia  per 


(i)  Light                                    3"  10"    984xio» 

300000 

1S6420 

4000 

2486 

(iiit  Earth  in  its  orbit                30  x  lo*  98'4  x  lo" 

30 

186 

"'Sfi.s' ""■=""■■} '''"■■>■  ■'==' 

0.46S 

t^389 

(v)  Sound   in   the  aimo-j 

sphere  under  aTeragej34'96xlo'           1147 

03496 

01225 

condition!                   j 
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26.  Using  the  table  of  velocities  in  Exercise  25,  find  how  long 
light  takes  in  coming  from  the  sun  to  the  earth,  an  average  dis- 
tance of  93-3  X  10*  miles.  (State  your  answer  true  to  the  nearest 
second.) 

27.  The  flash  of  a  gun  is  noted  by  an  observer,  and  2I-I 
seconds  afterwards  he  hears  the  report ;  how  far  off  is  the  gun  from 
the  observer?  State  your  answer  true  to  the  nearest  decametrt 
{Use  the  table  of  velocities  in  Exercise  25.) 


24.     AREA. 

The  area  of  a  square,  of  which  the  side  is  one  foot  long,  is 
called  one  mnore  foot  (generally  abbreviated  into  i  sq.  h.). 
If  the  side  of  the  square  is  an  inch,  the  area  is  a  simaie  lach ;  if 
the  side  is  a  centimetre,  the  area  is  called  a  square  centdme1a«, 
and  so  on. 

EXEBCISE8   XXTCTY. 


[Apparatus :   Squared  Paper.    Dividers.     Scales^ 
Construct  on  squared  paper  the  following  rectangles  and  find 
their  area : 

1.  Length  4  in.,  breadth  I  in. 

2.  Length  8  cm.,  breadth  i  cm, 

3.  Length  3  in.,  breadth  2  in. 

4.  Length  82  mm.,  breadth  22  mm. 
6.    Length  3  cm.,  breadth  4  cm. 

6.  Length  5  in.,  breadth  3  in. 

7.  Length  6-2  cm.,  breadth  5  cm. 

8.  Length  12  cm.,  breadth  10  cm. 

9.  Length  63  cm.,  breadth  44  cm. 

10.    If  the  length  be  a  cm.  and  the  breadth  represented  by  b  cm., 
how  would  you  express  the  area  ? 
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Having  seen  that  the  number  of  units  of  area  contained  in  a 
rectangle  is  equal  to  the  product  of  the  number  of  units  0/ 
length  and  the  number  of  units  of  breadth,  the  '  tables '  of  area 
can  be  easily  understood. 


26.     BRITISH   MEASURES  OF  AREA. 

(is  X  12),  i.e.  144  amare  inches  make  i  mnare  foot, 

<3  X  3)1    i-e-      9  square  feet         „      i  mtiare  yard. 
In  surveying,  in  the  measurement  of  fields,  and  for  similar 
purposes,  the  following  system  is  in  use  : 
(ioo  X  100),  i.e.  (10,000)  square  links  make  i  square  chain, 
(4  X  4),       j>.  16    square  poles     „      i  square  chain, 

(22  X  22),    i.e.        484   square  yards     „      i  square  chain, 
160  sq.  po.  or  10  square  chains    „    an  area  known  as 
r  acre  (represented  generally  as  i  ac.). 
The  fourth  part  of  an  acre  is  known  as  the  rood  (abbreviated 
into  ro.).     Accordingly, 

r  M.  —  4  TO. —  1 60  sq.po.'-xo  sq.  ch. 

=  4840  aq.  yards=  looooo  sq.  hnks. 
Since  i  mtk  contains  80  chains, 

I  sq.  mile  »  6400  sq.  ch.  =  640  ae. 
Note  on  Table, — The  acre  was  the  amount  of  land  which 
could,  on  a  rough  estimate,  be  ploughed  by  a  horse  in  a 
day.  It  was  generally  r^;arded  as  a  space  220  yds.  long  (one 
furlong,  i.e.  one  furrow  long) ;  the  breadth  was  a  chain,  it 
was  divided  into  72  furrows. 

TTnits  of  Area. 
r44  sq.  in.     =«  i  sq.  ft., 
9  sq.  ft.      =1  sq.  yard, 
loooo  sq.  links  =>        484  sq.  yds.  =    16  sq.  po.  =  i  sq.  chain, 
4840  sq.  yds.  =  1 00000  sq.  links  ^160  sq.  po. 

=  10  sq.  ch.  =  4  ro.  =  I  acre, 
640  acres       —  i  sq.  mile. 
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26.     METRIC   MEASURES  OF  AREA. 

(lo  X    lo),  i.e.  loo  sq.  mm.  =  i  sq.  cm., 

(lox    lo),  i.e.   loo  sq.  cm.  =i  sq.  dm., 
(loo  X  loo),  i.e.   loooo  sq.  cm.  ■=  loo  sq.  dm.  —  i  sq.  metre 

=  I  centiare, 
loo  sq.  metres  =  i  sq.  decametre  •=  r  are, 

loo  sq.  decametres  =  i  sq.  hectometre  =  i  Heetare, 

loo  sq.  hectometres  =  i  sq.  kilometre. 

The  terms  centiare,  are,  hectare  are  used  principally  in 
dealing  with  area  of  fields,  etc.,  and  in  surveying  generally. 

Example. — Find  the  area  of  a  rectangular  field,  length  8  ch. 
3  Iks.,  breadth  4  eh.  25  Iks.,  expressing  the  answer  in  acres, 
roods,  sq.  po.,  etc. 

It  is  convenient  to  express  both  the  length  and  the  breadth 
in  chains  and  decimals  of  a  chain,  thus : 
Length  =8-03  ch.  8-03 

Breadth  =  4-25  ch.  4-25 

Area       =8-03x4.35  sq.  ch.  -^^ 

1-606 

■40^5 

=  34-1275  sq.ch.  34-"  75 

=  3-41275  ac Divide  by  10  to  reduce  to 

acres. 

—  3ac.  1-651  ro.  Multiply  the   decimal  part 

by  4  to  reduce  to  roods, 

—  3  aa  r  ro.  a6-04    Muhiply  the  decimal   part 

sq.  po.  of  the  rood  by  40  to  reduce  to 

sq.  poles. 
.'.  the  area  of  the  field  is  3  acres  i  rood  2604  square  poles. 


;dbv  Google 


1 


METRIC  MEASURES  OF  AREA  ii< 

Example. —  IViat  is  the  length  of  a  rectangular  field,  the  arec 
of  which  is  74  acres  6806  sq.  chains  and  the  breadth  of  which  »; 
20  ch.  63  links  ? 

The  number  of  sq.  ch.  in  the  area 

=  (number  of  ch.  in  length)  x  (number  of  ch.  in  breadth), 

.'.   number  of  chains  in  the  length  =  (number  of  sq.  ch.  ir 
area)  -h  (number  of  ch.  in  breadth). 
Area      =  74  ac.  6806  sq.  ch.  =  746806  sq.  ch.  362 

Breadth  =  20  ch.  63  links        =20-63  ch,  2063  74-6806 

Length  =746-806-=- 20-63 

=  36-2  chains 

=  36  ch.  20  Iks. 

4126 
4126 

Example. — A  room  is  12  fi.%  in.  long,  \\  ft.  ^  in.  broad. 
How  many  blocks  of  wood  {parquets)  each  Z  inches  square  will  be 
required  to  floor  iti 
Area=is2  x  136  sq.  inches  152 

'36 
152 
456 

=  20672  sq.  inches.  20672 

Area  covered  by   i  parquet  =  8  x  8  =  64  sq.  in. 
Number  of  parquets  required=  20672 -^64  =  323, 

Example.—.^  field  is  i$o-^  metres  long^  89-7  metres  broad. 
Find  its  area,  and  express  in  ares. 
Area  of  field=  150-3  x  89-7  sq.  metres  i50'3 

=  13481-91  sq.  metres  89-7 


12024. 

1352-7 

IOS-2  I 

13481-9 1 

'  134  ares  81-91  sq.  m,  (dividing  by  100   ) 
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Example. — How  many  acres,  roods,  etc.,  are  there  In  afield 
having  an  area  0-32625  of  a  sg.  mile? 

0-32625 

033625  sq.  mile  640 

-0-32625  X  640  ac  10... -o 


=  208  ac.  3  ro.  8  sq.  po,  3o8-8 


EXEBCISES   XXXV.  a. 
L    The  floor  of  a  room  is  32  sq.  yds.  4  sq.  ft.  36  sq.  in.  i  part  of 
it  is  covered  by  a  '  square'  of  carpet  20  sq.  yds.  S  sq.  ft.  100  sq.  in. , 
iind  the  area  of  the  portion  of  the  floor  not  covered  by  the  carpet. 

2.  The  floor  of  a  room  is  partly  covered  by  a  square  of  carpet 
14  ft.  long  1 2  ft.  broad,  the  area  of  the  remaining  portion  is  8  sq.  yds. 
3  sq.  fL     What  is  the  total  area  of  the  room  ? 

3.  A  block  of  wood  is  8-34  cm.  by  6-21  cm.,  in  section  ;  through 
it  is  bored  a  hole  30-3  sq.  cm,  in  extent.  What  does  the  area  of 
the  section  now  become? 

4.  The  section  of  a  girder  is  in  the  form  of  a  capital  H,  where 
the  two  vertical  strokes  are  14"  by  2-2",  the  cross  portion  8"  by  1-2". 
What  is  the  total  area  of  the  section  ? 

5.  Three  rooms  communicate  by  folding  doors.  One  room  is 
16  ft.  long  12  ft,  broad,  the  second  is  13  ft.  long  it  ft.  broad  and 
the  last  is  16  ft.  long  i  j  ii.  broad.  Express  the  area  of  each  room 
in  sq.  yds.  and  sq.  ft.,  and  find  the  area  of  the  carpet  necessary  to 
cover  the  three. 

6.  Find  the  sum  of  the  following  areas  : 

iq.  yds.   sq.  ft,    sq,  in. 
13-3-68 

14    .    8  .     75 
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7.  The  tiled  hearth  of  a  fireplace  is  covered  with  98  tiles,  each 
tile  being  square — side  z  inches.  What  is  the  area  of  the  hearth  f 
Express  in  sq.  ft.  and  sq.  in. 

8.  What  is  the  area  of  a  floor  covered  with  izoo  pa.rqtiets  each 
9  in.  long  4  in.  broad?    Express  your  answer  in  sq.  ft. 

9.  What  is  the  area  of  a  yard  paved  with  84  flagstones  each 
2  ft  4  in.  long,  and  i  ft.  10  in.  broad  ? 

10>    The  top  floor  of  a  house  contains  the  following  rooms  : 
Bedroom         -     17  ft.  by  13  ft. 
II  ■     14  ft-  II     9  ft. 


If  the  inside  dimensions  of  the  house  on  that  floor  be  23  ft.  by 
27  ft,  what  area  is  used  for  passages,  landings  and  staircases  P 

11.  A  square  field  is  70  yards  long ;  lind  its  area  in  acres  and 
decitnals  of  an  acre  (true  to  4  significant  figures). 

[jV.^.^Make  a  mental  note  from  this,  as  to  the  approximate 
extent  of  an  acre.] 


EXEBCI8E8   ZXXV.  b. 
Mental  or  Onl. 
Itate    roughly  the  number  of   acres  in  the    following  fields, 
uming  an  area  of  70  yd.  x  70  yd.  to  be  approximately  an  acre. 

(i)  140  yd.  by    70  yd.  (ii)  280  yd.  by  2io  yd. 

(iii)   140  yd.   „      35  yd.  (iv)  350  yd.  square, 

(v)  630  yd.   „   280  yd.  (vi)  105  yd.  by  140  yd. 

<vii)  700  yd.  „  350  yd-  (viii)  560  yd.  „  2 10  yd 

(ix)  700  yd.  „  2Boyd.  (x)  745  yd.  „  210  yd. 


;dbv  Google 


133  A   MODERN   ARITHMETIC 

The  fields,  the  areas  of  which  are  given  below,  may  be  taken  as 
approximately  rectangular.     One  side  of  the  field  is  given ;  find 


approximately  in  ya 

ds  the  length  of  the  other 

1.   Area=     sac 

one  side    70  yd. 

2.     „     =  4oac 

280  yd. 

S. 

,     -  36ac 

„         630  yd. 

4. 

,     =560  ac 

560  yd. 

5. 

,     =  24  ac 

,        „         210  yd. 

6 

,     =iooac 

„         1400  yd 

7 

,     -  35  ac 

„        490  yd. 

8 

,     =     Sac 

„         140  yd. 

9 

,     =   iz  ac 

140  yd. 

10 

,     =     6ac 

21  yd. 

11 

,     =  84  ac 

„        49  yd- 

12 

,    =  isac 

.      n       350  yd. 

EXERCISES    XXXV.  C 


\Apparatus :  Scared  Paper.    Dividers.     Scales.    Ruiers.'] 

1,  Draw  [he  plan  of  a  room  i  $  ft.  long,  13ft.  broad,  representing 
each  foot  by  a  distance  of  1  cm. ;  divide  it  up  into  strips  2  ft  6  in. 
wide  ;  show  that  this  can  be  done  exactly  if  the  length  of  the  strips 
runs  in  the  direction  of  the  breadth  of  the  room. 

If  you  wished  to  cover  the  floor  of  the  room  with  carpet,  30  inches 
wide,  find  the  length  of  carpet  required,  in  order  that  none  be 
wasted.  Show  that  if  the  carpet  be  arranged  so  that  the  width 
be  in  the  direction  of  the  width  of  the  room,  some  carpet  will  be 
wasted  ;  find  how  many  sq.  ft.  will  be  wasted,  also  the  length  of 
carpet  required  in  this  case. 
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2.  Draw  the  plan  of  a  room  18  ft.  by  16  ft.  (scale  I  cm.  to  the 
foot).  Find  the  length  of  carpet  required  to  cover  its  floor  with 
carpet  a  fl  3  in.  wide  arranged  so  that  the  wastage  is  least 

3.  Draw  the  plan  01  a  passage  zo  ft.  long,  6  ft.  broad  (scale 
4  ft.  represented  by   i  inch).     Show  it  covered  with  flagstones 

2  ft.  long,  2  ft.  wide.     How  many  are  required  ? 

i.  Draw  a  plan  of  a  room  15  ft.  by  13  ft.  Find  the  amount  of 
timber  required  to  floor  it,  the  timber  being  boards  9  in.  wide,  and 
arranged  with  their  length  in  the  direction  of  the  width  of  the  room 
(scale  1  foot  represented  by  1  cm.). 

5.  Draw  a  representation  of  a  roof,  20  ft.  by  15  ft,  (scale  4  ft. 
represented  by  i  inch).  Show  it  covered  with  slates,  each  slate 
being  I  ft.  long,  and  9  in.  wide.  How  many  slates  will  be  required, 
supposing  no  overlapping  of  one  slate  over  another  P 

6.  Draw  a  representation  of  a  roof  24  ft.  long  by  15  ft.  broad, 
covered  with  slates  I  ft  by  9  in.,  each  slate  lapping  over  the  one 
underneath  it  to  a  distance  of  4$  in.,  and  the  length  of  each  slate 
parallel  to  the  length  of  the  roof.  How  many  slates  will  be  re- 
quired ?     (Represent  a  distance  of  I'S  in.  by  I  mm.) 

7.  Draw  the  roof  in  the  preceding  question,  where  the  bp  is 

3  in.  only,  and  find  the  number  of  slates  required  in  this  case. 

8.  Draw  a  plan  of  a  room  16  ft.  long,  12  ft.  wide.  Show  it 
carpeted  with  carpet  2  ft.  wide,  the  width  of  the  carpet  being 
parallel  to  the  width  of  the  room. 

Suppose  the  carpet  has  a  pattern  which  recurs  every  5  ft. ;  mark 
the  points  of  recurrence  by  small  arrowheads,  and  find  the  amount 
of  carpet  wasted  if,  in  the  different  strips,  corresponding  points 
have  to  be  alongside  of  one  another. 

9.  A  room  is  14  ft.  long,  12  ft.  broad,  ii  ft.  high.  Cut  out  a  piece 
of  paper  which,  when  folded  round,  would  represent  the  four  walls 
of  the  room,  and  find  the  total  area  of  the  wall  (scale  4  ft.  repre- 
sented by  I  cm.). 
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10.  Draw  the  following  rectangles  ;  show  by  cutting  them  into 
two,  along  the  diagonal,  superposing  one  portion  on  the  other,  that 
the  diagonal  divides  the  rectangle  into  two  equal  portions : 

(«)  12  cm.  by  8  cm.,  (*)  3-62  in.  by  2-41  in., 

(^)  5  in.  by  3  in.,  (rf)  15  cm.  by  6  cm. 

11.  Draw  a  circle  3  in.  radius ;  take  any  point  O  within  it,  at  a 
distance  of  i  in.  from  the  centre  ;  draw  any  three  chords  AOB,  COD, 
EOF.  Find  the  areas  of  the  rectangles  the  sides  of  which  are 
{a)  OA  and  OB,  {b)  OC  and  OD,  {£)  OE  and  OF. 

12.  Draw  a  rectangle  62  mm.  long,  1 2  mm.  broad  ;  fold  it  so  as 
to  represent  the  four  walls  of  a  room  18  ft.  long,  13  ft.  broad  and 
12  ft.  high  (scale  i  ft.  represented  by  1  mm.).  State  the  area  of  the 
four  walls.     Find  the  cost  of  painting  at  bd.  per  sq.  ft. 

IS.  Draw  a  rectangle  and  fold  it  so  as  to  represent  the  four  walls 
of  a  room  15  ft.  by  12  ft.  and  10  ft  high,  representing  I  ft.  by  I  mm. 
What  would  be  the  cost  of  painting  its  four  walls  at  (xL  per  sq.  ft? 

14.  Draw,  cut  out  and  fold  a  representation  of  the  sides  and 
base  of  a  box  I  ft.  long,  I  ft  broad  and  i  ft.  high  (scale  i  ft 
represented  by  I  in.).    What  is  the  area  of  the  inside  surface? 

15.  Draw,  cut  out  and  fold  a  representation  of  a  box  (sides  and 
base)  2  ft.  long,  6  in.  broad  and  i  ft  high  ;  find  the  area  of  its 
inner  surface  and  the  cost  of  lining  it  with  sheet  lead  at  ijd.  per 
sq.  ft.     (Represent  a  distance  of  1  ft.  by  a  line  1  in.  long.) 

16.  Draw,  cut  out  and 
fold  paprer  so  as  to  form  a 
triangular  prism  (Fig.  16) 
4  inches  long,  and  the  ends 
equilateral  triangles  of  one 
inch  side ;  find  its  surface 
exclusive  of  the  triangular 

ends.  Fig.  .6.— a  Triangulai  Prism. 

17.  Draw  a  representation  of  the  four  walls  of  a  room  i6ft.long, 
14  ft.  broad,  10  ft.  high  ;  mark  on  it  a  frieze  of  i  ft.  (that  is,  a  band 
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I  ft.  wide  from  the  ceiling  round  ihe  room),  also  a  window  in  the 
centre  of  one  of  the  long  side  walls,  a  door  at  the  end  of  that  wall, 
and  a  fireplace  in  the  opposite  wall,  the  dimensions  being : 

Window,  8  ft.  high  and  6  ft,  broad. 

Door,  8  ft.  high  and  4  ft.  broad. 

Fireplace,  5  ft.  high  and  3  ft.  broad. 
(Represent  i  ft.  by  i  mm.,  and  calculate  the  remaining  area  of 
the  walls.) 

18,  In  Ex.  17  mark  off  paper  strips  2  ft.  wide  suitable  for  paper- 
ing.    What  length  of  paper  would 

be  required  P 

19.  Draw,  cut  out  and  fold  paper 
to  represent  a  rectangular  prism 
(Fig.  17)  2  ft.  long,  1-5  ft.  bioad, 
and  I  ft.  thick.  (Represent  1  ft  by 
I  inch.)     If  gilded  at  3^.  per  sq.  (t, 


what  wcwid  the  Ci 


— A  Rcctai^ulHT  Prism. 


EXERCISES   XXXV.  d. 

1.  Find  the  total  surface  of  a  brick  9  in.  long,  4-5  in.  broad, 
3  in.  thick. 

2.  What  is  the  total  surface  of  a  square  prism  10  in.  long  with 
an  end  of  2  in,  edge  ? 

3.  Find  the  inner  surface  of  a  box  4  ft  long,  3  f^.  broad,  3  ft 

1.  What  is  the  cost  of  painting  the  walls  of  a  room  16  ft.  long, 
15  ft.  broad,  1 1  U.  high,  at  is.  ^d.  per  sq.  ft,  making  no  allowance 
for  windows,  doors,  etc. 

5.  What  length  of  paper  21  in.  in  width  will  be  required  to 
paper  a  room— length  20  ft.,  breadth  15  ft,  height  12  ft? 

6.  If  I  metre  is  equal  to  39-37  in.,  find  (true  to  4  figures)  how 
many  (u)  sq.  in.,  (*)  sq.  ft.,  (ir)  sq.  yd.  there  are  in  a  sq.  metre. 
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7.  Express  a  chain  in  metres,  etc.,  to  the  ne^r 
hence,  find  out  how  many  square  metres  there  are  in  an  acre> 
State  also  the  number  of  ares,  etc. 

8.  A  man  buys  a  plot  of  ground  of  3  ro.  2S  sq.  po. ;  on  it  he 
intends  building  a  house  with  a  frontage  of  50  ft.  and  a  depth  of 
60  ft     What  area  will  he  have  left  for  his  garden  ? 

9.  A  yard  60  yds.  square  is  surrounded  by  a  paved  walk  3  ft- 
in  width.  If  the  walk  be  paved  with  flags  18  in,  square,  how  many 
flags  are  there  ? 

10.  A  room  is  [9  ft.  long,  i;  ft.  broad.  If  (he  floor  is  to  be 
carpeted  so  as  to  leave  a  margin  round  the  room  15  in.  wide, 
what  area  of  carpet  will  be  required,  and  what  will  be  the  extent 
of  the  surrounding  margin  ? 

11.  A  room  has  an  area  of  2184  sq.  metres,  and  its  breadth  is 
4-16  metres  ;  what  is  its  length  P 

12.  A  ribbon  has  a  surface  of  47'25  sq.  dm.,  and  the  width  is 
i'5  cm.;  what  is  the  length  of  the  ribbon? 

13.  How  many  sq.  ft.  could  be  covered  by  a  piece  of  carpet 
27  in.  wide  and  25  yds.  long? 

14.  A  table  is  $  ft.  long  and  2  ft  6  in.  broad  ;  the  taUe  doth  is 
8  ft.  long  and  5  ft.  broad.  What  area  of  cloth  hangs  over  the  side 
of  the  table  ? 

15.  Find  what  length  of  plain  paper,  21  inches  wide,  will  be 
required  to  paper  the  rooms  described  below.  Make  no  allowance 
for  doors,  windows,  and  so  on. 

(a)  Length,  20ft.,  breadth,  14  ft.  6  in.,  height,  10 ft.  6  iik. 
{b)  „  iBft-  9in.,  „  12ft.  9in.,  „  gftein. 
(0        „        16  ft.  6  in.,       „        1 1  ft.  6  in.,        „        9  ft.  6  ia 

16.  The  four  walls  of  a  room  have  3  total  area  of  660  sq.  ft. ; 
the  area  irf  the  floor  is  270  sq.  ft. ;  the  width  of  the  floor  is  15  ft 
Whai  is  the  height  of  the  room  ? 
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Heaaniement  of  Irreffulat  Areas. 

Irr^ular  areas  can  be  calculated  by  representing  the  areas 
to  scale  on  squared  paper  and  counting  the  number  of  squares 
covered  by  the  figure. 

Example. — To  determine  the  area  of  the  eounty  of  Norfolk. 

Each  small  square,  in  Fig.  18,  represents  an  area  of 
9  sq.  miles. 

In  estimating  the  portions  of  squares,  parts  less  than  half  a 
square  are  neglected,  and  portions  greater  than  half  a  square 
are  counted  as  whole  squares. 


Pig.  tB.— Msp  oT  Norfolk.    (Scsk  30  miln  Co  che  iocli.) 

Thus,  in  estimating  the  area,  we  practically  work  as  if  the 
area  was  bounded  by  straight  lines  such  as  those  shown  in 
Fig.  18.  On  counting  then  the  number  of  squares  included 
in  the  county,  we  get 

5  +  5  +  6+10+11  +  11  +  11  +  11  +  11  +  12  +  13+13  +  13 

+  13  +  11  +  11+9  +  8  +  7  +  6  +  5  =  102, 

and  the  area  of  Norfolk  is  thus  found  to  be 
9  X  202  or  1S18  sq.  miles. 
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FntoUoal. 

Apparatus  ;  Squared  paper,  tracing  paper. 
Find  the  following  areas  : 
1.   Switzerland.  2.    Hyde  Park.  3.   Cornwall. 


4.   Isle  of  Man.  6.    Isle  of  Wight. 

6.   Wigtown. 

7.  Anglesea.  8.   Arran. 

Scale,  I  aqiutte  representa  I  aquarc  mile 
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27.   DECIMAL  COINAGE. 

In  the  majority  of  the  more  important  countries  a  decimal 
system  of  coinage  is  used.     Thus  : 

In  France,  Switzerland  and  Belgium,  sums  of  money  are 
expressed  in  ftiuics  and  centimes,  where  i  franc  (fr.)  =  ioo 
centimes,  the  franc  being  equivalent  to  about  g^ti,  of  British 
money. 

In  Italy  francs  are  replaced  by  Ures,  centimes  by  centesimos ; 
and,  in  Greece,  diachmae  and  leptas  take  the  place  of  francs 
and  centimes. 

In  Germany  i  krone— lo  marks==>iooo  pfennigs.  The 
mark  is  of  nearly  the  same  value  as  our  shilling. 

In  the  United  States  i  doUaisioo  cents.  The  cent  is 
about  equal  to  the  British  ^d.  in  value. 

Some  approximate  equivalents  of  foreign  coinage  in  British 
money  are  shown  in  the  accompanying  table  : 


Appioxlma 

te  ValnSB  of  Foreign  Colnagw. 

England. 

.  ^■■^V , 

luly. 

G,««. 

United 
Stales. 

German 

Belgium.  ' 

jC.      s.        d. 

Fra.     Cts. 

Lis-     Cs. 

Dn    Lpu. 

Dok      CU. 

Mki.     PTi). 

0         8 

o    o    1 

0     31 

0         31 

0      31 

0        6 

0       25 

0      62 

0        62 

0        62 

0      SO 

o    °    ? 

I          0 

I            0 

I          0 

0      19 

0      79 

I        35 

I         25 

I        25 

0    25 

040 

5        0 

4        0 

0  10    0 

12         50 

12      50 

12        50 

2         50 

10        0 

I     0    0 

=5        0 

5      ■  0 

20        0 
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EXERCISES   XXXVII.  a. 
Msntol  or  OraL 

the  fallowing 


1.  Express  as  frani 
(a)  3320  centimes, 
(rf)  9-36  francs. 
(_g)  897'6o  francs. 

2.  Express 
(a)  6-3  lires  in  terms 
(i)  783cenlesimos„ 
(f)  9-3  dollars  in  ter 
(rf)  3756  dollars  „ 
W  82.  cents  „ 
(/)  35680  leptas  in  t 
(^>  93213  pfennigs  i; 
(A)  1-32  krones 

3.  Find  the  cost  of 
(a)  (i)  10  articles  at 

(ii)  20  articles  at 
(iii)  100  articles  a 
(«)(i)  100  ankle,  a 
(ii)  400  articles  at  30 
(iii)   1000  articles  at  i( 

(c)  (i)  8  articles  at  1  drachma  40  leptas  each. 

(d)  (i)  120  articles  at  1 5  lires  20  centesimos  eai 
(ii)   100  at  3  lires  20  centesimos  each. 

(f)  (i)  500  articles  at  i  niarjc  3  pfennigs  each, 
(ii)  25  at  4  marks  6  pfennigs  each. 


(6)  19360  centimes, 
W  i945'3  francs. 
(:*)  17623  francs. 

of  lires  and  centesimos. 
IS  of  dollars  and  cents. 


of  drachmas  and  lepias. 
ms  of  marks  and  pfennigs- 


cents  each. 

dollar  3  cents  each. 

franc  50  centimes  each. 


U)  8370 

(/)  876-2  francs. 


EXERCISES    XXXVII.  b. 

1,  If  35  metres  of  cloth  cost  26  fr.  60  c,  what  is  the  c 
per  metre .' 

2.  If  89  metres  of  cloth  cost  418  fr.  30  c,  what  is  the  c 
per  metre  ? 
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3.  What  is  the  cost  of  23  metres  of  silk  at  5  fr.  70  c.  per  metre  ? 

4.  What  is  the  cost  of  31  metresof  dothat  3  liresQocentesimos 
per  metre  ? 

6.   Find  the  cost  of  320  lb.  of  metal  at  96  cents  per  lb. 

6.  Find  the  cost  of  81  kilo,  of  a  substance  costing  29  marks 
6  pf.  per  kilo, 

7.  305  kilo,  of  a  substance  cost  231  marks  S  pf ;    what  is 
the  cost  per  kila  ? 

8.  Find  the  cost  of  63  yd.  of  cloth  worth  19  doll.  5  c,  per  yd. 

9.  Find  the  cost  of  7560  kilo,  of  a  substance  at  6  fr.  40  c 
per  kilo. 

10.  693  lb.  of  ore  are  worth  9826  doll.  74  c.  1  what  is  the  value 
per  lb.? 

11.  If  5150  fr.  80  c.  be  the  cost  of  15-8  kilo,  of  a  substance, 
what  is  the  cost  per  kilo..' 

12.  Find  the  cost  of  1-912  kila  of  a  substance  at  53  lires  4  c. 
per  gram, 

13.  Find  the  cost  of  319  yds.  of  cloth  at  10  doll.  3;  c.  per  yd.P 
li.    3T94'5  metres  of  silk  cost  24278  fr.  20  c;  what  is  the  cost 

per  metre  ? 

15.  2299  krones  1  mark  40  pfennigs  is  the  cost  of  1446  kilo,  of 
an  ore;  what  is  the  cost  per  kilo.? 

16.  Find  the  value  of  1412  kilo,  of  copper  at  5-43  krones  per  kila 

17.  Find  the  value  per  metre  of  cloih,  when  a  piece  737  metres 
long  is  worth  ;oi  1  drachmas  60  leptas. 


28.   VOLUMES. 

The  volume  of  a  block,  each  edge  of  which  is  one  inch 
long,  is  defined  as  a  cubic  mch;  similarly  the  volume  of  a 
block,  each  edge  of  which  is  one  centimetre  long,  is  defined 
as  a  cnbic  centimetre  (cc). 
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Mental  or  Oial. 

1.  On  each  inch  square,  inio  which  a  rectangle  6">C4"  can  be 
divided,  a  cube  of  one  inch  side  is  placed.  What  is  the  volume  in 
cubic  inches  of  the  solid  formed  by  the  cubes?  What  also  are  the 
dimensions — length,  breadth  and  thickness— of  the  solid? 

2.  Give  the  answers  to  Exercise  i  if  the  rectangle  be  replaced 
by  a  rectangle  of  sides  : 

(<.)4"X3°,    W)3'X2-,    (^)8"X5",    (rf)36"xi2",    (e),2"x,2'. 

3.  if  on  each  cube  in  Exercises  i  and  2  another  cube  be  placed, 
write  down  the  dimensions  and  volume  of  the  new  solid  formed. 

4.  If  in  Exercise  2  there  be  seven  of  the  one  cubic  inch  blocks, 
one  above  the  other,  placed  on  each  square  inch  of  the  rectangle, 
what  will  be  (he  dimensions  and  volume  of  the  solid  formed  ? 

5.  Write  down  the  volumes  of  the  following  blocks  : 

(a)  Length  8  in.,-  breadth  6  in.,  thickness  4  in. 

Id)       „       6  in., 


(r)  „  .2  metn 

(rf)  „  IS  ft., 

W  „  12-S  in., 

{/)  „  25  cm., 

ig)  „  ^  cm., 

(A)  „  a  inch. 


6  metres, 

3H- 


6  inch,  „         c  inch. 


6.  Find  the  number  of  cubic  inches  in  a  cubic  foot,  i.e.  in  a  cube 
of  13  inches  edge  ;  also  the  number  of  cubic  feet  in  a  cubic  yard, 
'■'.  in  a  cube  of  3  feet  edge. 

7.  Find  the  number  of  cubic  centimetres  in 

(1)  a  cubic  decimetre,  i.e.  a  volume  equal  to  that  of  a  cube  of 
10  cm.  edge ; 
(i)  a  cubic  metre. 
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Tables  of  Volume  or  Cubic  Measure. 

sntiEh. 

12^=1728  cubic  inches  make  i  cubic  foot. 
3'  =  27  cubic  feet  „      i  cuMcyaxd. 


io^=  1000  cutdc  millimetres  make  i  cubic  centimetre, 
io*=  1000  cubic  centimetres  „  i  cubic  decimetie, 
10^  =  looo  cubic  decimetres      „     i  cubic  metre. 

A  cubic  decimetre  is  known  as  a  Litre. 

A  cubic  metre  is  known  as  a  Stere. 


EZEB0ISE8   XXXVni.  b. 

1.  A  brick  wall  54  ft.  long,  10  ft.  high  and  9  in.  thick  is  built 
of  bricks  the  dimensions  of  which  (inclusive  of  morlar)  are — length 
9  in.,  breadth  4-5  in.,  thickness  3  in.  Find  the  volume  of  each 
brick,  also  the  number  of  bricks  used  in  the  construction  of  the 
wall. 


h  and  15  ft  broad  ;  what 


2.  A  room  is  18  ft.  long,  10  ft,  6  ir 

3.  A  board  is  4  m.  long,  22  cm.  broad  and  3  cm.  t 
is  the  volume  of  the  board? 

4.  A  box  has  the  following  for  its  inside  and  outside 
(exclusive  of  cover) : 

Inside — Length     3  ft.  3  in.,     Outside — Length     3  ft.  5  in,, 
breadth  2  ft.  4  in.,  breadth  2  ft.  6  in., 

depth     2  fL  depth     2  ft  1  in. 

What  is  the  volume  of  the  wood  forming  the  box  ? 
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5.  What  is  the  thickness  of  a  block  o/  wood,  the  length  of 
which  is  4  fL,  the  breadth  3  ft.  6  in.  and  the  cubic  content 
18  cub.  ft.  1152  cub.  in.? 

6.  A  sheet  of  iron  is  3-24  metres  long,  2-58  metres  broad,  and 
its  volume  is  2089.8  cubic  centimetres.  What  is  the  thickness  of 
the  sheet  ? 

7.  A  wooden  box  with  its  cover  on,  is  an  exact  cube  internally 
of  I  ft.  edge  ;  what  volume  of  lead  0-25"  thick  is  required  (o  line  it  i" 

8.  A  room  has  a  capacity  of  3108  cubic  feet  ;  its  length  is 
18  feet  6  inches,  its  height  is  12  feet ;  what  is  its  breadth? 

9.  A  coverless  bov  the  internal  dimensions  of  which  are  4  ft.  in 
length,  7  in.  in  breadth  and  9  in.  in  depth,  is  made  from  9  in.  planks 
I  in.  in  thickness  ;  what  length  of  plank  will  be  required,  also  what 
will  be  the  volume  of  the  planking  ? 

10.  A  swimming  bath  is  100  ft.  long  and  36  ft.  broad  ;  when  a 
number  of  men  dive  into  the  bath,  the  height  of  the  water  rises  by 
half  an  inch.  If  the  average  amount  of  water  displaced  by  one  of 
the  men  is  2  cub.  ft.,  how  many  men  are  there  in  the  bath  ? 

11.  A  biscuit  tin  has  internal  dimensions  as  follows  : 

Length  30  cm,,  breadth  30  cm,,  height  25  cm. 
It  is  partially  filled  with  water  and  the  depth  of  the  water  noted  ;  a 
glass  jar  is  (hen  pressed  into  the  tin,  until  the  water  is  just  level 
with  the  top  of  the  jar  ;  the  rise  of  water  in  the  tin  is  then  found  to 
be  32  cm.;  on  pressing  thejarfurtherdown,  so  that  the  jar  becomes 
full  and  totally  immersed,  the  level  falls  by  2  cm.  Find  the  capacity 
of  the  jar,  also  the  volume  of  the  glass, 

12.  A  plasterer  has  126  cubic  feet  of  cement  in  his  bucket ;  how 
many  square  yards  of  wall  can  be  plastered  to  a  thickness  of 
0.5  inch  with  it? 

13.  The  sluice  supplying  water  from  a  mill  pond  to  a  mill  wheel 
is  4  ft.  4  in.  broad  and  8  in.  high.  If  the  water  rushes  through  it 
at  the  rate  of  5-5  ft  per  second,  how  many  cubic  feet  pass  through 
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14.  A  pontoon  is  loo  ft.  long,  60  ft.  broad  and  30  ft  deep  ;  it  is 
floated  into  a  convenient  position  and  filled  with  water  ;  how  much 
water  does  it  contain  F  If  each  cubic  ft.  of  water  weighs  62'5  lbs., 
how  much  lighter  does  the  pontoon  become  when  the  water  is 
pumped  out  of  it  F 

15.  A  cistern  is  5'  long  by  4'  broad  by  2'  high,  and  is  full  of 
water.  What  will  be  the  fall  in  the  level  of  the  water  in  the  cistern 
if  I  quart  is  run  out  of  it,  assuming  that  25  quarts  make  approxi- 
mately I  cubic  foot  ? 

16.  A  room  is  15  ft.  long,  12  ft.  broad  and  10  ft.  6  in.  high. 
What  is  its  content  in  cubic  yards  F 

17.  A  portion  of  a  seam  of  coal  is  240  yards  long,  126  yds.  broad 
and  4  ft.  6  in.  in  thickness.  What  weight  of  coal  could  be  obtained 
from  it,  assuming  that,  roughly,  each  cubic  yd.  in  the  seam  yields 
I  ton  at  the  surface  ? 

18.  A  stone  cross  is  made  from  a  slab  of  stone  of  which  the 
section  is  a  square  of  6  in.  side,  the  height  of  the  cross  is  5  ft.,  the 
breadth  or  span  3  ft     What  is  the  total  volume  of  the  cross? 


Measurements  of  Capacity. 


Many  systems  for  measuring  liqtiids  exist — for  example 
In  measuring  ordinary  liquids,* 

4gill8     - 
2  pints   = 
4  quarts  = 

.pint, 
I  qnart, 

1  gallon. 

In  medicine, 

60  minims  (m.)  = 

8  drachms       = 
20  fluid  ounces  = 

I  drachm  [f3l 
I  fluid  ounce  [f  S], 
1  pint. 

•More  complete  tables  are  given 
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?raetleal 

[Apparatus :  Burette.  Medicine  bottle.  Various  rectangular 
tin  boxes.  Glass  tumbler.  Metal  blocks.  Scales.  Medicine 
measure  graduated.    Pint  mug] 

1.  Measure  in  inches  the  length,  breadth  and  depth  of  the 
given  tin  box  ;  calculate  its  cubic  content  in  cubic  inches  (allowing 
for  the  thickness  of  the  material  of  which  the  box  is  made)  ;  find  by 
a  bureiie  the  number  of  cubic  centimetres  the  box  holds.  Hence 
calculate  the  number  of  cubic  centimetres  equivalent  to  i  cubic 
inch,  aiso  the  value  of  I  c.c.  as  a  decimal  of  a  cubic  inch. 

2.  Repeat  Experiment  1  with  other  tin  boxes. 

3.  Measure  in  inches  the  length,  breadth  and  thickness  of  a 
given  metal  blocU  and  calculate  its  volume.  Tie  a  fine  piece  of 
strong  thread  to  Ihe  block  and  hang  it  in  a  glass  tumbler,  pour 
water  into  the  lumbler  up  to  a  convenient  height  (this  must  be 
sufficient  to  cover  the  block).  Withdraw  the  block,  removing  as 
little  water  as  possible.  Fill  the  glass  to  Ihe  same  height  as 
before  by  the  burette,  noting  the  volume  in  c.c.  of  the  water  run 
into  the  tumbler.  You  now  have  the  volume  of  the  block  in  cubic 
inches  and  in  cubic  centimetres.  Calculate  the  number  of  cubic 
centimetres  in  a  cubic  inch,  aiso  the  number  of  cubic  inches  in  a 


4.  Measure  the  dimensions  of  a  given  block  in  cm.  and  in 
inches,  calculate  the  volume  in  c.c.  and  in  cubic  inches,  and  find 
the  number  of  cubic  centimetres  in  one  cubic  inch. 


5,  Repeat  Experiment  3,  using  however  a  graduated  medicine 
measure  insiead  of  a  burette  graduated  in  c.c.  Hence  find  the 
number  of  fluid  ounces  in  a  cubic  inch,  also  the  number  of 
cubic  inches  in  a  fluid  ounce. 

be   convenieni   for  many   of    theEe   experiments    lo    be 
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6.  How  many  fluid  Ois.  will  fill  a 

(i)  tea  spoon,      (ii)  dessert  _spoon,      (Jii)  table  spoon  ? 

7.  Find  the  number  of  cubic  centimetres  in  the  given  half-pint 


The  table  stated  on  p^e  136  may  be  extended.    Some  of  the 
more  common  measures  are  the  following  : 

Liquid  Measures. 
4    Gills      =1  Pint(Pt.). 
2    Pints     =T  Quart  (Qt.), 
4    Quarts  =  I  Gallon  (Gal). 
4^  Gallons  =  I  Pin. 
9    Gallons  =  I  Firkin. 
36    Gallons  =  I  Barrel. 
54    Gallons  =1  Hogshead. 
The  gill,  pint,  quart  and  gallon  are  the  only  measures  which  can 
be   regarded   as   standard,   the   others  varying  in   different  cases 
according  to  the  custom  of  the  particular  trade  using  the  measure. 
Thus  I  Hogshead  of  Ale      is  54  gallons. 

I  „  Claret,,  46       „ 

I  ,,  Port     „  57       ,. 

Dry  Measure. 
Employed  in  measuring  grain  and  com. 
2  Pints        =  I  Quart. 
2  Quarts     =  I  Pottle. 
4  Quarts     =  I  Gallon. 
2  Gallons   =  1  Peck. 

4  Pecks      =  I  Bushel. 
8  Bushels  =  i  Quarter 

5  Quarters  =  I  Load. 
2  Loads      =  I  Last. 

Many  kinds  of  cereals  are  however  usually  sold  by  weight, 
though  nominally  in  bushels. 
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29.    PROBLEMS  ON   MEASURES   OF  CAPACITY. 

Example. — One  vessel  contains  3  gallons  i  quart  1  pint; 
another  vessel  contains  4  gallons  3  quarts  i  pint.  What  is  the 
total  content  of  the  two  vessels  ? 

The  process  of  addition  is  exactly  similar  to  that  employed 
in  the  addition  of  money  and  addition  of  length. 


Adding  the  pints,  we  obtain  2  pts.  or  1  quart. 
Adding  the  quarts,  we  obtain  {i+3  +  i)qt., 
'.e.  5  qts.  or  i  gal  and  i  qt. 
Adding  the  gallons,  we  obtain  S  gal. 


The  content  is  8  gal.  i  qL 

Example. — Express  16  gal.  3  qt.  1  pt.  as  gallons  and 
decimals  of  a  gallon. 

16  gal.  3  qt.  1  pt.  Divide  the  number  of  pints  by  a, 

=  16  gal,  3.5  qt.  to  express  them  in  quarts. 

=  4-875  gal.  Divide  the  number  of  quarts  by  4, 

to  express  them  in  gallons. 

Example, — A  cask  contains  53  gal.  i  qt.  1  pt.  of  ale.  If 
this  be  dwided  equally  among  seven  people,  what  does  each  person 
receive? 

Here  we  have  only  to  divide  53  gal.  i  qt.  i  pt.  by  7.  The 
method  again  is  similar  to  that  used  in  Division  of  Money. 

S3  gal  divided  by  7  yields  7  gal.  and  4 
gal.     qt-    pt.  gal.  over, 

'\"  '   ,_• ,  4  gal.  and  1  qt-  =  i7  qt. ;  dividing  by 

7.2.1  Ans.     7,  we  get  2  qL  and  3  qt.  over. 
^^^^^  3  qts   and  i  pt.  =  7  pt ;  dividing  by  7, 

we  obtain  I  pt.  exactly. 
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EXERCISES   XXXTX.  \ 


1.  A  gallon  of  wine  will  fill  six  ordinary  wine  bottles ;  how 
many  bottles  of  wine  could  be  filled  from  a  vat  of  wine  containing 
6  hogsheads  4  gaL  2  qts.  f  What  would  be  left  over,  if  any  ?  (The 
hogshead  of  wine  is  equal  to  57  gallons.) 

2.  Four  and  a  half  quarts  of  ale  are  run  out  of  a  nine-galton 
cask  ;  how  much  ale  remains  in  the  cask  ? 


IS  8-665  cubic  inches,  how  many  cubic  feet  and 
cubic  inches  are  there  in  6-25  gallons  ? 

N.B.-Ai  will  be  seen  from  this  exercise  that  25  gallons  are  very 
nearly  the  same  as  4  cubic  feet. 

1.   A  cistern  is  3  ft.  long,  2  ft.  broad  and  contains  125  gallons  of 

water ;  what  is  the  depth  of  the  water  within  the  cistern  ?    (Assume 
1  cubic  foot=6-2S  gallons  approximately.) 

5.  A  decanter  for  holding  spiiits  has  for  its  inside  section  a 
square  of  3  inch  side ;  a  bottleful  of  whisky  is  poured  into  it. 
What  is  the  height  of  the  surface  of  ihe  whisky  above  the  bottom 
of  the  decanter?     (Six  bottles  to  the  gallon.) 

6.  If  on  a  certain  day  the  rainfall  is  o-S  of  an  inch,  how  many 
gallons  of  water  will  fell  on  a  field  of  4  acres  ?  (Assume  I  cub. 
ft.=6.25  galls.) 

7.  What  is  the  volume  of  a  cube  of  3-9  inches  edge  ? 

Since  a  litre  or  cubic  decimetre  is  the  volume  of  a  cube  of  3'937 
inches,  the  answer  will  be  a  liiile  less  than  a  litre. 

8.  Assuming  that  i  hlre  =  6i  cubic  inches,  how  many  cubic 
inches  will  there  be  in  a  rectangle  4  cm.  long,  5-6  cm.  broad, 
3-7  cm.  deep? 

iV.S.— More  accurately,  I  Utre=6i-027  cubic  inches. 
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9.    If  a  litre  is  6i'02  cubic  inches  and  I  cubic  foot  is  6-25  gallons, 
how  many  pint  mugs  could  be  filled  from  avessel  containing  4  litres? 
How  much  would  remain  ov'er  ? 
Note  therefore  that  approximately  7  pints  =  4  litres. 

10.  In  making  up  a  medicine,  10  fluid  ounces  (f  g)  4  drachms  (f;^) 
24  minims  (m.)  of  one  liquid  are  added  to  15  fluid  ounces  (fj) 
7  drachms  (f3)  49  minims  (m.)  of  a  second  liquid.  How  much 
liquid  is  there  altogether  ? 

11.  Express  0-8645  quart  in  pints,  fluid  ounces,  drachms  and 


12.  Add  together  the  following : 

7  f5  3  f  S  30  m- ;  8  f S  4  f 5  SO  ni. ;  12  f 5  3  f 3  35  m. 

13.  A  medicine  is  to  be  made  up  of 

i4fg6f:^of  liquid  A, 
8  SI  3  f  S  of  liquid  B, 

12  fj  4  f;^  of  liquid  C. 
What  would  be  the  equivalent  amounts  to  be  taken  by  a  dispenser 
who  only  had  measures  graduated  according  to  the  metric  system  ? 

14.  The  internal  section  of  a  medicine  bottle  is  a  rectangle 
2  inches  long  and  1  inch  broad  ;  what  is  the  distance  in  inches 
between  the  ounce  marks  on  the  bottle  ? 


30.   MEASUREMENT  OF  WEIGHT. 

In  England  many  systems  of  measurement  of  weight  are  in 
use.  Avoirdnpou  weight  is  the  most  general.  Troy  weight  is 
used  in  dealing  with  gold  and  silver.  Apothecaries'  weight 
is  used  in  dispensing  medicines. 

On  the  Continent  the  system  is  that  in  which  the  unit  is  the 
weight  of.  I  cubic  centimetre  of  water  at  a  temperature  of 
4°  C.  and  is  called  a  gnan ;  the  system  is  a  decimal  one. 
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The  weights  employed    in   the   different   systems   i 
follows : 

Avoirdupois  Weight. 


16  drams  = 

I  ounce  (oz.). 

16  oz.       = 

14  lb.        =  1 

28  lb.  =   a  St. 

rizlb.=  4qr.       =1 

[40  lb.  —  20  cwt.     =  1 

I  pound  (lb.). 

r  atone  (st.). 

1  qnarter{qr.). 

[  Imudiedweisht  (cwt.). 

1  ton. 

Trov  Weight. 

H  grains  =1 

48ogr.=2odwt.    =: 

S76ogr.  =  i2  0z.        =] 

100  lb.        =1 

(7000  grains  troy  = 

[  pennyweight  (dwL). 

-ounce  (01.). 

[  pound. 

1  hundredweight 

1  lb.  avoirdupois.) 

Apothec 

ARIES'  Weight. 

20  grains.  = 

I  scruple  m 

3  9=1  drachm  (5). 
8  3    =1  ounce  (3).     \These  are  practicaUy 
S76ogr.  =  iz5    =1  pound  (lb.).  /     obsolete. 
JV.B. — The  grain  is  the  same  weight  in  all  three  systems. 

Metric  System. 

1000  milligrams  =  100  centigrams  =  1  decigram  =  i  gnun  (gr.). 

1000  grams  =  i  kilogram  (kilo.). 

The  gram  is  the  weight  of  one  cubic  centimetre  of  water 

at  4*  C. 

In  the  Addition,  Subtraction,  Multiplication,  Division  and 
Reduction  of  weights  the  procedure  is  exactly  similar  to  that 
employed  in  dealing  with  questions  on  money,  length,  aien 
and  volume . 
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Example. — How  many  pennies,  three  of  which  weigh  i  ot. 
avoir.,  can  be  made  from,  a  mass  of  2  tons  3  cwt.  i  qr.  4  lb. 
of  Bronse  I 


Reduce  the  2  tons  to  cwt  by  multiplying  by  20 ; 
add  on  tlie  3  cwt. 

Multiply  by  4  to  reduce  from  cwt.  to  qr.  and  add 
the  1  qr. 

Multiply  by  2  to  reduce  from  qr.  ,to  sL 


346 

1384 


4848 

16 

4848 


Multiply  by  14  to  reduce  from  st.  to  lb.,  and  add 
the  4  lb. 


Multiply  by  16  to  reduce  from  lb.  to  oz. 


77568  oz,  =  232704  pennies.     Multiply  by  3,  since  3  pennies 
weigh  r  oz. 


XL.  a. 
PractlcftL 

[Apparatus :  Balance,  pennies,  halfpennies,  tumblers,  quart 
mufr,  medicine  bottles,  tin  biscuit  boxes,  pieces  of  luire  of  •various 
lengths,  pieces  of  sheet  metal,  cubes  of  metal  of  one  inch  side.'] 

1.  Find  the  weight  in  ounces,  of  1  penny,  4  pennies,  4  half- 
pennies, 8  pennies. 

2.  Weigh  the  given  objects. 
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3.  Weigh  the  given  half>pint  glass,  first  when  empty,  secondly 
when  full  of  water. 

Calculate  from  your  results  the  weight  of  a  gallon  of  water. 

4.  As  in  (3),  find  the  weight  of  water  in  the  given  quart  mug, 
and  again  calculate  the  weight  of  a  gallon  of  water. 

5.  Weigh  the  given  bottle  and  calculate  its  capacity,  assuming 
from  the  result  of  (3)  and  {4)  the  weight  of  a  gallon  of  water. 

6.  Find  the  weight  of  the  given  medicine  bottle  (i)  empty  } 
(ii)  containing  (a)  2  {$,  (i)  4  fS  (c)  6  {$  of  water. 

7.  Find  the  internal  volumes  in  cubic  inches  of  the  given 
rectangular  tin  boxes,  also  the  weights  of  water  they  contain  when 
full.     Calculate  from  your  results   the  weight  of  a  cubic  fool  of 

8.  Assuming  the  weight  of  a  cubic  foot  of  water,  find  the 
capacity  of  each  of  the  given  bottles. 

9.  Find  the  number  of  ounces  avoirdupois  in  the  given  pound 
weight  troy. 

10.  Find  the  weight  of  a  litre  of  water  in  (a)  grams,  (i)  ounces. 

11.  Express  the   weight  of   I    lb.   avoirdupois   in   the  decimal 

12.  Find  by  means  of  the  balance  the  volumes  in  c.c.  of  the 
given  vessel. 

13.  Express  in  ounces  avoirdupois  the  given  kil(^;ram  weight. 

14.  You  are  given  a  coil  of  wire,  also  one  foot  length  of  it ; 
weigh  the  two  and  calculate  the  length  of  the  wire  in  the  given 

15.  You  are  given  a  rectangular  sheet  of  metal  one  square  inch 
in  area,  also  an  irregularly  shaped  piece  of  the  same  material  and 
thickness ;  find  the  weight  of  both  and  calculate  the  area  of  the 
given  irregularly  shaped  piece. 

16.  Weigh  the  given  solid,  also  the  given  inch  cube  of  the  same 
material ;  from  your  results  calculate  the  volume  of  the  given  solid. 
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EZEBCI8E8  XL.   b. 

1,  A  train  consists  of  eight  trucks  of  coal,  the  net  weights  being 
respectively:  8  ton  3  cwt.  z  qr.,  9  ton  i  qr.,  7  ton  15  cwt.  3  qr., 
8  ton  10  cwL  I  qr„  8  ton  11  cwt.  2  qr.,  8  ton  4  cwt.,  9  Ion 
I  cwt.  3  qr.,  7  ton  19  cwt.  2  qr.  What  is  the  total  net  weight  of 
the  train  ? 

2.1  The  gross  weight  of  a  truck  and  load  is  12  ton  3  cwt.  2  qr. ; 
the  truck  itself  weighs  4  ton  10  civt.  3  qr.  What  is  the  weight  of 
the  load  the  truck  carries? 

3.  A  barrel  of  fish  contains  3  qr.  15  lb.  6  oz.;  if  the  barrel 
itself  weighs  ;  lb.  12  oz.,  what  is  the  weight  of  the  fish  ? 

4.  Reduce  to  lb.: 

{a)  4  cwt.  34  lb.,      (A)  17  cwt.  3  qr.,      (c)  19  cwt.  45  lb., 

(d)  14  ton  2  qr.  17  lb.,  (.;)  17  qr.  3  lb., 

(/)  793  ton  '4  cwt.  2  qr.,        (^)  19  ton  1041  lb.  ' 
Find  also  the  sum  of  these  weights. 

6.  Convert  (a)  1345  oz.  into  lb.  (avoirdupois),  (*)  7056  lb.  into 
cwt.,  (c)  19043  lb.  into  tons,  etc.,  (rf)  1593  oz.  into  qr.,  (e)  793628 
drams  into  cwt.,  (/)  6932  qr.  into  tons. 

6.  If  t  cubic  foot  of  sea  water  weigh  64  lb.,  what  will  be  the 
weight  in  tons,  cwt.,  qr,,  of  35  cubic  feet? 

7.  What  voUime  of  sea  water  has  a  weight  of  3000  tons  4  cwt.? 
(i  cubic  foot  of  sea  water  weighs  64  lb.) 

8.  When  a  body  floats  in  water,  it  displaces  a.  volume  of  water 
equal  to  its  own  weight ;  what  will  be  the  volume  of  sea  water 
displaced  by  a  ship  of  2850  tons? 

9.  What  would  be  the  volume  of  water  displaced  by  the  ship 
in  Ex.  8,  if  it  were  in  fresh  water,  and  if  i  cubic  foot  of  fresh  water 
were  supposed  to  weigh  1000  oz.  ? 

10.  If  a  cubic  foot  of  common  brick  work  weigh  1  cwt.,  what  is 
the  weight  of  a  brick  wall  60  ft.  long,  8  ft.  6  in.  high  and  9  in.  thick  ? 
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11.  If  a  Welsh  fire  brick  crushes  when  il  is  pressed  with  a  force 
per  square  inch  equal  to  the  weight  of  7  cwt.  1  qi.,  what  is  the 
greatest  height  a  brick  column  could  be  built,  without  crashing 
under  the  action  of  its  own  weight?  (Assume  each  cubic  inch  of 
brick  weighs  1-375  oi.  and  state  the  answer  true  to  001  ft- 

12.  If  I  cubic  foot  of  fresh  water  weigh  1000  ot.,  what  will  be 
the  weight  in  tons,  etc.,  of  the  water  which  fills  a  cistern  18  ft  long-, 
7  ft  6  in.  deep,  i  S  ft.  3  in.  broad  inside  ? 

13.  A  plate  of  iron  is  64  cm.  long,  57  cm.  broad  and  weighs 
11031-552  grams.  If  each  cubic  centimetre  of  iron  weighs  7'2 
grams,  what  is  the  thickness  of  the  plate  ? 

14.  How  many  kilogram  weights  could  be  made  from  2  qr. 
3  lb.  4  01.  of  brass;  what  weight  of  brass  will  remain  over? 
(Assume  i  kilo.=2-205  lb.) 

16.  A  litre  of  water  weighs  i  kilogram  and  a  gallon  of  water 
weighs  10  lb.  ;  how  many  litre  measures  could  be  run  out  of  a 
9-gallon  cask,  and  what  will  Chen  be  left  in  Che  cask? 

18.  The  wire  on  a  reel  weighs  13  cwt.  22  lb-  What  is  its 
length  if  the  weight  of  a  foot  is  known  to  be  5-6252  oz.? 

17.  Assuming  that  approximately  i  kilo,  is  equal  to  2-2  lb., 
express  in  French  and  English  measures  the  following  ; 

(a)  6  tons  12  cwt.,      {i)  looo  kilo.,        {c)  4  cwt.  3  qr.  7  lb., 
(rf)  173  kilo.  500 grams,  (f)  i-54kilo. 

18.  A  cart  contains  15  sacks  of  flour  each  containing  a  cwt.  2  qr. 
3  lb.  2  01. ;  how  much  flour  is  there  altogether  in  Che  cart  f 

19.  Evaluate  the  following  :  i  ton  14  cwt.  3  qr.  10  lb.  4  07. 
multiplied  by  (a)  5,  {&)  8,  {c)  16,  {d)  28,  (e)  50,  (/)  210,  (g)  325. 

20.  A  mass  of  iron  weighing  37  tons  4  cwt.  3  qr.  is  divided 
into  24  equal  parts  ;  what  will  each  of  these  parts  weigh  ? 

21.  What  is  the  weight  per  foot  lengCh  of  brass  tubing  such  that 
a  piece  124  ft.  long  weighs  5  cwt.  a  qr.  U  lb.  12  oi.? 

22.  Divide  706  tons  3  cwt.  2  qr.  10  lb.  4  w.  by  {a)  8,  {d)  11, 
ic)  35.  (-«  89,  (<)  306,  (/)  37a 


;dbv  Google 


MEASUREMENT   OF  TIME  14? 

23.  Express  the  following  weights  (avoirdupois)  in  Troy  units, 
remembering  that  in  i  lb.  Troy  there  are  5760  grains,  and  7000 
grains  in  1  lb.  avoirdupois  : 

(a)  3  lb.  2  oz.,  (i)  4  lb.  6  ox.  (c)  1  qr.  o  !b.  8  m., 

(<0  8  lb.  4  oz.,  (i-)  I  stone  10  oz„      (/)  10  lb.  12  oz. 

24.  Express  ihe  following  weights  (Troy)  in  avoirdupois  measure. 
Express  your  answer  in  lbs.,  oz.,  drs.  and  decimals  of  a  dram  (true 
to  2nd  decimal  place) ; 

(a)   16  dwt.  I  gr.,  (i)  I  lb.  1  01.  14  dwt.  4  gr., 

(c)  19  lb.  701,,  1  dwt.  16  gr.,       (d)  59  lb.  7  oz.  5  dwt,  23  gr. 


31.    MEASUREMENT   OF  TIME. 

The  chief  divisions  of  time  are 

60  seconds  (60")     = 

1  minate, 

60  minutes  (60')       = 

(hour, 

24  hours                   " 

iday, 

7  days 

.week, 

28  days  or  4  weeks  = 

I  lunar  month, 

365  days 

I  ordinary  or  civil 

year, 

366  days                     = ; 

r  leap  year. 

EXEBCI8ES    ZLI. 

1.  The  earth  makes  a  complete  spin  on  its  axis  in  33  hr,  56  min. 
4  sec.  Find  {a)  the  difference  between  this  and  the  ordinary  day, 
(_d)  what  ihe  difference  amounts  to  in  36;  days. 

2.  The  time  the  earth  takes  in  moving  in  its  orbit  once  round 
the  sun  is  1  tropical  year  or  365'2422i64  days.  Express  this  in 
days,  hours,  minutes  and  seconds. 

3.  Express  as  decimals  of  an  ordinary  year  the  following  times : 

Spring         -     92  days  20  hours  59  n 
Summer     ■    93    „     14      „      13 
Autumn      -    89    „      18     „     35 
Winter        -     89     „        o      „        2 
State  the  answer  to  4  decimal  places. 
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1.  Find  the  difference  in  hours  and  minutes  between  3  ordinary 
years  of  365  days  together  with  1  leap  year  ;  and  4  tropical  years, 

5.  What  is  the  difference  between  2;  groups,  each  consisting  of 
3  ordinary  and  1  leap  year  ;  and  100  tropical  years  ? 

6.  If  a  lunation  be  29'53o6  days  and  a  tropical  year  365'2422i6 
days,  find  the  difference  between  19  tropical  years  and  235  lunations. 

7.  Express  a  lunation  in  days,  hours  and  minutes. 

8.  The  following  table  gives  (a)  the  periods  of  some  of  the 
planets  about  the  sun,  also  {i)  their  distances  from  the  sun  in 
terms  of  the  earth's  distance  ; 


Planet. 

M«md:sl,M=ft™ih=Sun[n 

Peiiod  in  Days. 

a)    Mercury- 

0.3871 

87-969 

i)   Venus     . 

224700 

365-256 

rf)  Mars       - 

1-5237 

(e)    Jupiter    - 

S-2028 

433i'58s 

Cf)  Neptune - 

9-5389 

107  59' 2  20 

30.0370 

60126720 

Express  the  periods  in  sidereal  years  true  to  4  significant  figures, 
and  show  that  in  these  units  the  squares  of  the  periods  are  the 
same  as  the  cubes  of  the  distances. 

(A  sidereal  year  is  365256  days.) 

9.  From  the  following  table  express  the  duration  of  the  longest 
days  in  terms  of  the  duration  of  the  corresponding  shortest  day. 

Stale  the  answer  true  to  3  significant  figures. 


Latitude. 

L.ng«tDay. 

Sl,...«.D»y. 

hn.    min. 

his.     min 

(a\ 

0° 

12         0 

(*) 

'2      35 

11      25 

to 

10    47 

(rf) 

30° 

'3    56 

10      4 

40 

(f) 

16      9 

L?) 

18  30 

5     30 
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EXEBCIBES  XLII. 

MiBcsllULeoiu. 

1.  Write  in  figures  two  and  seven  tenths,  70  and  nine 
hundredths,  50  and  forty-six  thousandths,  and  123  millionchs. 
Find  the  sum  of  the  four  quantities  and  subtract  it  from  200. 

2.  Four  different  bottles  contain  resptectively  27,  1-65,  5-13  and 
05  litres  of  wine.     How  many  litres  are  there  altogether  f 

3,  Nine  clocks  of  equal  value  are  sold  for  £p.  17J.  (id.  What 
is  the  cost  of  one? 

4,  How  many  grains  are  there  in  2  kilograms  50  grams  ? 

6,  How  many  gallons  are  there  in  71  pints  and  how  many 
quarts  and  pints  over? 

6.  From  a  caddy  containing  7.25  07.  of  tea  I-J  oz.  are  taken. 
How  many  ounces  are  left  in  the  caddy  P 

7.  If  the  weight  of  a  packet  of  cartridges  is  i  lb.  7  oz.,  what  is 
the  weight  of  7  packets  f 

8.  A  room  is  10  ft.  high,  18  ft.  6  in.  long  and  12  ft.  wide  ;  how 
many  cubic  feet  of  air  will  it  contain? 

9.  Find  the  area  {in  square  inches)  of  a  sheet  of  paper  9.2 
inches  long  and  6.J  inches  wide. 

10.  How  many  copies  of  a  book  costing  ^0-25  can  be  bought 
with/8?  

11.  Add  together  0-375  of  ijr.  4^  and  0-07  of  £2.  \os.,  and 
subtract  the  result  ftMn  0-45  of  ^i. 

12.  Find  the  rent  of  42-75  acres  of  land  at  ^1-255  per  acre. 
Give  ihe  answer  to  the  nearest  penny. 

13.  Multiply  52-08631  by  0-38056.  Give  the  product  in  full,  and 
then  give  it  true  to  the  nearest  thousandth. 

14.  How  many  times  is  0006552  contained  in  155806-56?  Give 
your  answer  in  words. 

16.  Find  the  cost  of  carpeting  a  room  20  ft  3  in.  long  and  13  fL 
4  in.  wide,  with  a  carpet  2  feet  3  inches  wide  at  ^s.  a  yard. 
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16.  If  3-z  pounds  of  sugar  are  taken  from  a  bag  containing 
7  pounds,  how  much  is  left  in  the  bag? 

17.  Ten  trucks  of  coal  have  a  gross  weight  of  i68  tons  15  cwt., 
and  the  trucks  themselves  weigh  39  tons  18  cwt.  1  qrs.  How 
many  sacks  of  coal,  each  containing  1  cwt.  i  qr.,  can  be  filled  from 
the  trucks,  and  what  aniouni  of  coal  ri 


18.  From  the  given  tables  find  the  average  (a)  rent  and 
{fi)  population  per  acre  in  the  following  Welsh  counties — rent  to 
nearest  id.,  population  to  four  significant  figures  : 

(N.B. — Take  the  average  rent  in  this  case  as  the  total  rent  divided 
by  the  total  extent  in  acres,  and  similarly  for  the  population.) 


Cp«nt,.«. 

No.^A«c. 

Gro^R=...-.l. 

Anglesey 

120,417 

34,808 

.£161,356 

Orecon      - 

473.087 

53,95' 

365,137 

Cardigan  ■ 

59  5,28  s 

82,707 

414,856 

Carmarthen 

464,587 

123,570 

698,284 

Carnarvon 

322,743 

137,236 

809.253 

Denbigh  - 

378,309 

126,458 

773,656 

Flint 

106,878 

60,536 

377,113 

Glamorgan 

576,537 

866.250 

7,190,934 

Merioneth 

523,708 

64.248 

35 ',205 

591,973 

63.994 

514,202 

Pembroke 

357,118 

82,424 

457,830 

Radnor    - 

238,660 

20,241 

143,561 

19.  Add  tc^ether  0'O23  of  a  £,  0-946  <rf,  a  shilling  and  3-48 
pence,  and  subtract  the  sum  from  0-26  of  a  guinea.  Give  the 
answer  in  pence  and  the  decimal  of  a  penny- 

20.  (a)  Find  the  value  of  9796  tons  of  copper  at  .£7375  per  ton. 
Also  (i*>  find  in  lbs.  and  decimals  of  a  lb.  the  weight  of  1  bushel  of 
com  when  32  bushels  weigh  11  cwt,  2  qr.  16  lb. 

21.  The  edges  of  a  carpet  in  a  room  25  ft.  6  in.  long  and  r8  ft 
4  in.  broad  are  i  ft.  3  in.  from  the  walls.  Find  the  area  of  the 
carpet,  in  sq.  yards,  feet  and  inches. 
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22,    How  many  times    can  a  jug    holding   0-078135    gal.    be 
filled  from  a  vessel  containing  786-375  gal.  ?    What  part  of  a  pint 


23.  A  cistern  is  6  ft  long  and  5  ft.  broad,  and  it  is  of  such  a 
depth  that  it  would  Cake  1440  bricks,  each  9  inches  long,  3  inches 
deep  and  4  inches  broad,  to  fill  it :  how  many  gallons  would  the 
cistern  hold,  if  a  pint  of  water  contains  72  cubic  inches  f 

24.  Complete  the  following  table  by  evaluating  the  average  return 
for  each  county  of  the  returns  under  each  of  the  given  heads. 

Mesi  Criminal  Counlies. 


Sun„.,.,y  Jurisdicl™. 

u„„™,« 

"11S,V' 

Counties. 

Commillais 

signing  wilh 

MKOIK. 

marts. 

Inches. 

W 

(« 

W 

w 

W 

Hereford     ■        - 

0-97 

21-78 

6-76 

14-9 

66-4S 

Middlesex  -        ■ 

0-93 

ao-72 

66.69 

Lancaster    -        - 

0-86 

Z7-03 

1329 

20-7 

6749 

Warwick      . 

0-68 

ai-72 

4-88 

19-7 

67-12 

Worcester  ■ 

0-65 

17-89 

5-^6 

18-8 

67-22 

Bedford       - 

0-6^ 

11.32 

2-57 

258 

6707 

Monmouth 

061 

660 

301 

66-45 
68-48 

Cumberland 

053 

16-08 

933 

16-3 

Gloucester 

0-53 

iS-oo 

3  97 

140 

66.31 

0-53 

1103 

2-37 

17-9 

68-S4 

Northampton 

056 

1180 

2-90 

14-S 

67-26 

Sufford 

Average  = 

0-56 

25-35 

647 

280 

67-82 

1     1 

Uast  Criminal  C 

ou>ai.-s. 

DO 

(*-) 

W 

0 

0*) 

Cornwall     - 

6-37 

1-63 

19-7 

67-94 

Huntington 

0-26 

1319 

1-72 

16-3 

66-78 

Durham      - 

0-31 

as- 10 

3-50 

22-5 

67-70 

Cambridge 

031 

ii-S3 

1-47 

■7-3 

66-78 

Devon 

027 

11-65 

3-53 

10-6 

67-28 

Derby 

0-32 

19-23 

626 

25-8 

67-80 

Nottingham 

°-33 

22.41 

5'50 

i8-o 

67-38 

Rutland      - 

0-33 

11-85 

219 

r. 

67-29 

Suffolk 

0-3S 

291 

0-43 

67-95 

0-33 

1597 

5-34 

8-0 

6800 

Northumberland 

0-34 

2270 

16-20 

14-5 

68-59 

Essen:           -        - 
Averse = 

036 

6- 10 

1-61 

13-2 

68-00 

25.    Iflhewat 

a  cubic  foot  of  v 
of  the  water  in  tV 
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!t  in  a  tank,  8  ft.  lonK  7  ft.  wide, 
ater  weigh  1000  oz. ;  what 


de,  is  4  ft.  deep,  and 
i  the  weight  in  tons 


26.  Multiply    002475    '*y    °'^4'    ^"^    divide    the    product    by 

27.  Multiply  ;^I5.  8j.  41/,  by  78498, giving  the  answer  in  pounds, 
etc ,  to  the  nearest  penny. 

28.  Add  together  0-0021  of  a  cwt.,  0-045  ^^  *  quarter,  0-37  of  a 
lb.,  and  subtract  the  sum  from  35-263  ounces.  Give  the  answer  in 
ounces  and  the  decimal  of  an  ounce. 

29.  Below  is  a  table  of  the  speeds  (some  only  approximate)  of 
various  animals  and  agencies  : 

(a)  Fill  in  the  missing  data  in  (iii). 
(*)  „  „  (vi). 

«         „        „        («)• 

w  „  „  (-i> 

(*)  Find  how  long  the  trotting  horse  in  (iv)  would  take  to 
describe  a  distance  of  14-55  miles. 

(/)  How  many  times  faster  the  average  Atlantic  liner  is  than  the 
average  racing  yacht?  (Assume  i  metre=3-28  ft.,  and  state  the 
answer  to  three  significant  figures.) 


CtnlinitHes 

F«l 

Kil™«H. 

Mil« 

p.r«conrt. 

pfr«coT.d. 

ptr  h^ur. 

per  hour. 

(i)  Snail  • 

o-i6 

0-005249 

0-005759 

000358 

,  (ii)  Hunted  fly  - 

970 

31-83 

34-92 

21-7 

(iiil  Carrier  pigeon    ■ 

1800 

(iv)  Horse  trotting     - 

I30I 

(v)  Race  horse 

1670 

54-79 

60-12 

37-36 

(vij  Man  running 

14-25 

(vii)  Racing  yacht      - 

27-80 

(viii)  Atlantic  liner      - 

34-41 

(ix)  Rifle  bullet  - 

1900 

(x)  Cannon  ball 

91440 

3000 

3::'^:: 

2;;i6 

fxi)  Rivers 

lo-So 

(xii)  Average  wind      - 

550 

18-04 

19-80 

ia-30 
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30.  (a)  What  is  the  quotient  when  61061  is  divided  by  0-305? 
(i)  How  many  pieces  each  1-19  of  an  inch  can  be  cut  off  from  a  rod 
which  is  a  yard  long,  and  what  is  the  length  of  the  piece  remaining  ? 

31.  Find  the  Barometric  Pressure  at  York  on  Oct.  5,  from  the 
given  data:  knowing  that  the  average  pressure  for  the  7  days  is 
Z9-88. 

Barometric  Pressure  at  York,  Oct.  1-7  inclusive. 

Oct.  1.      Oct.  ».     Oct.  3.     OcL  4.    Oct.  5.      Oct.  6.      Oct.  7. 

29.45     29.60    29.78    29.79      ...      30-19    30-20  inchesofmercury. 

32.  In  a  room  16  ft.  6  in.  long  by  12  ft  4  in.  broad,  a  carpet  is 
laid  down  10  ft.  8  in.  long  by  8  ft.  3  in.  broad  :  how  many  sq.  feet 
of  floor  are  left  uncovered  ? 

33.  Find,  in  cubic  feet,  the  content  of  a  i-oom  16  feet  long, 
10  ft.  6  in.  broad  and  3  ft.  g  in.  high. 

34.  How  many  lengths  of  0-0375  ft.  are  contained  in  31-7296875 
ft.?    Express  the  remainder  as  the  decimal  of  a  foot. 

35.  Find  the  dividend  on  ^3275.  101.  at  14s.  3jrf.  in  the  £. 

36.  Divide  3-64353  by  0-0671.     Explain  the  working. 

37.  Find  the  average  monthly  rainfall  at  the  two  Irish  s 
below,  from  the  data  given  : 


(a)  Gal  way 
(ff)  Cork 

Jan. 

6-09 

F«b, 

2-39 
0-7B 

Mar, 
[■63 

Apr. 

'■53 
'■34 

May. 

3-02 
3'5 

Junt 

3-'4 
4-87 

(a)  Galway 
(*)  Cork 

Jalr- 

z-6o 

2-42 

Sept. 
8-30 

S-52 

5-88 
3-79 

Kav. 

4-88 
3-67 

2-73 

3'20 

38.    Find  the  average  temperature  during  July  1903  at  Hull  a 
Oxford,  given  the  average  monthly  temperatures  as  below  : 


J-iy- 

§?? 

56°  .8 

5o°-4 

43''-3 
44°- 1 

38°'6 

J.n. 

F«b. 

Maich, 

April, 

May. 

Junt, 

for^"r.Td,s 

39°-i 
39-4 

S: 

4o'-2 
41 '-o 

47:-8 
49-3 

S'°3 
52  -7 

^i 

48°-o6 
49°'2 
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39.  In  the  accompanyiog  table  the  rainfalls  tn  ioches,  for  the 
different  months  of  the  year  1874,  are  stated  for  different  parts  of 
England. 

Fill  in  the  missing  parts  of  the  table. 


MiddT/«. 

s±^. 

Co^'L,, 

W 

La.^... 

V„tS„., 
E.  Riding. 

Jan.       - 

Feb.      - 
March  - 
April     - 
May      - 

July       - 
Aug.      • 
SepL     - 
Oct.       - 
Nov.      - 
Dec.      - 

Monthly 
Average] 

1-34 
o-6a 

;3 

177 
302 
3-64 

2-Z4 
1.65 

o-8g 
0-97 
0-93 
103 

1-23 
2-91 

I-5Z 
1-73 
I '30 

5-62 
3-86 
'■3' 

[.go 
7"5 

3-93 
2-40 
2-14 
1-99 
0-66 
i-o6 
.■S6 
4.64 
7-07 
3'82 
236 
3.62 

3-53 
'■59 
3-37 

I-OO 

1-39 
I  00 
177 

3*4 

I -05 

if. 

10 

\t 

177 

3-71 
275 

1-75 

40.  A  ship,  steaming  towards  a  port  in  a  fog,  fires  a  signal  gun 
which  is  answered  from  the  port,  as  soon  as  heard,  by  another 
gun  ;  the  report  of  the  latter  reaches  the  ship  25-5  seconds  after  the 
first  gun  was  fired  ;  the  ship  fires  again  immediately,  is  answered 
as  before,  and  this  time  the  reply  is  heard  in  24.5  seconds.  If  ihe 
sound  travels  1 100  feet  per  second,  at  what  rate  must  the  ship  be 
steaming  ? 


41.  A  rectangular  piece  of  paper  is  measured  in  inches  and  in 
centimetres,  with  the  following  results  : 

Length,  873  inches  j  2217  centimetres. 

Breadth,  5-57  inches  ;  14-15  centimetres. 

Find  the  area  of  the  paper  in  square  inches  and  in  square 

centimetres,  and  hence  find  the  number  of  square  centimetres  in  a. 

square  inch,  true  to  0^1  sq.  in. 
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42.  What  is  the  average  depth  of  a  rainfall  in  which  7  miUion 
litres  of  water  fall  on  a  square  kilometre  P 

43.  If  a  cubic  foot=«0'038  cubic  metre,  and  if  i  kilogram  =  2'2  lb., 
6nd  the  number  of  ounces  in  i  cubic  foot  of  water.  (The  kilogram 
is  the  weight  of  a  litre  of  water.) 

44.  A  wheel  makes  1028  revolutions  in  passing  over  2  miles 
4  fur.  9  pis.  5   yds.  6  ins.     What   is  the  circumference  of  the 

45.  A  gra,vel  walk  6  feet  wide  runs  round  a  grass-plot  5o  feel 
long  and  40  feet  wide.  If  gravel  is  jr.  per  cubic  yard,  find  the  cost 
of  a  layer  of  gravel  on  the  path  3  inches  deep. 

46.  The  table  below  gives  the  average  daily  duration  of  daylight 
at  Latitude  52°  N.  for  each  of  the  twelve  months,  with  the 
exception  of  July. 

The  mean  or  average  duration  for  the  months  January  to  July 
inclusive  is  12  hrs.  39  min. 

(tf)  What  is  the  duration  during  July?  (i)  What  the  average 
duration  from  July  to  December  inclusive? 


Duration  n 

D.V..,.H.. 

Date. 

LaUwd*  s>'  N. 

Di.tt- 

LatiiDdi  J."  N. 

January    - 

February  - 
March      - 
April 

May 

7    50 
9      5 

10   50 

13      54 

August     - 
September 
October    - 

December 

hti.  min. 

13      40 
11      41 

11 

47.  When  14  cwt.  I  qr.  18  lb,  of  sugar  are  taken  away  from  a 
(on  weight  of  it,  what  decimal  of  a  ton  remains?  (State  your 
answer  true  to  the  sixth  decimal  place.) 

48.  Find  the  area  of  a  room  19  ft.  4  in.  long  and  14  ft.  3  in. 


broad.     What 
41-  ijrf.  per  yard  ? 


the  ( 


t  of  a  cai-pet  for  ii 


2    ft.  9    i 


mde,  at 
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49.  Reduce  8  metres  7  decimetres  5  centimetres  to  yards,  feet 
and  inches,     [i  meire=  i'0936  yards  nearly.] 

50.  An  open  tank,  measuring  on  the  outside  6  yd.  z  fL  in  length, 
3  yd.  1  ft  in  width  and  7  ft.  in  depth,  is  made  with  sides  and  floor 
of  brickwork  i  ft.  thick,  and  is  filled  with  water.  Find  the  weight 
of  (he  tank  and  its  contents,  it  being  given  that  one  cubic  foot  of 
water  weighs   1000  oz.,  and  that  brick  is  one  and  a  half  times  as 


61.  Divide  (n)  8'468  by  o-oiyi  and  {b)  o-8  by  3-175  ;  state 
answer  true  to  5  significant  figures.  What  is  the  value 
(c)  2-778125  of  6j.  8rf.+o75  of  zj.  6^.-0-935  of  3J.  4rf.  ? 


the 


id  27  inches  wide,  costing 
Find  the  cost  per  square 


62.  A  piece  of  carpet  72  yards  long  a 
j£i2,  izj.,  is  used  in  covering  a  room. 

63.  The  table  below  shows  the  difference  between  clock  time 
and  apparent  noon  (as  determined  by  observations  on  the  sun)  at 
difierent  times  of  the  year  ; 

Find,  true  to  the  nearest  minute,  the  average  clock  time  at 
apparent  noon  during  each  half  {i.e.  Jan.  to  June  ;  and  July  to 
Dec.)  of  the  year. 


Cluck  Time  al  Apparail  Noon. 

Clock  Time  =.  Apparent  Noon. 

January  I    ■ 

hts.  mm. 

July  . 

h«.  min. 

February  1  - 

12       14 

August  1     - 

March    I     - 

September  I 

11      50 

April  I 
Mav  I 

12        4 

October  1    - 

11     44 

November  I 

June  .         . 

11       58 

December  1 
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32.   VULGAR   FRACTIONS. 

The  term  decimal  firactlon  has  already  been  used  to  express 
(he  portion  that  one  quantity  is  of  another.  The  same  result 
may  be  expressed  in  another  way.  Thus  dealing  with  3  oz. 
as  compared  with  i  lb.,  we  might  suppose  1  lb.  divided  into 
16  equal  parts,  of  which  3  are  taken,  and  say 

3  oz.  is  three-sixteenths  or  -j'^  of  i  lb. 

Similarly,  if  we  speak  of  j-^  of  a  yard,  the  meaning  is  :— that 
the  yard  is  supposed  to  be  divided  up  into  18  equal  lengths, 
and  of  these  5  are  taken  to  form  the  required  portion. 

So   by   the  vulgar  fraction  ^,   we  mean,   that  a   certain 

quantity  regarded  .as  a  unit  is  divided  up  into  ^  equal  parts, 
and  of  these  a  are  taken  to  form  the  fraction,  a  is  styled 
the  Htimerator,  ^  the  Deaominator. 

Example. —  IVAa/  is  the  value  t>/-^^  of  1  ant  ? 

I  cwL  could  be  divided  up  into  16  equal  parts  each  of  7  lbs. 
■jf  of  a  cwt.  would  be  3  such  amounts,  or  21  lbs. 

Example.—  IV/ia/  is  the  value  of\%  of  £^%.  ss.  6d.  ? 

We  can  divide  £$.    ss.  6d.  into    25    equal  -i'^'_  ^      g 

amounts    of     2s.    6d.       13     such     parts    will  — '— — '■ — 

amount  to  j£i.  12s.  6d.  5 1       la  ■  6 

.'.  if  of  ^3.  2S.  6d.  =  £i.  i2S.6d  26 


Example  —Evaluate  \j  of  2  tons  3  cwt.  17  lb. 

Here  we  have  to  divide  the  2  tons  3  cwt.  17  lb.  by  27,  and 
then  to  multiply  the  answer  by  14. 
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And  it  is  clearly  just  the  same  if  we  multiply  by  14  first 
and  divide  by  27  afterwards.  The  operation  which  is  done 
first  depends  upon  the  f)articular  example. 

Here  2  tons  3  cwt.  17  lb. -i- 27  =1  cwt.  2  qr.  ir  lb. 

I  cwt.  2  qr.  II  lb.  x  14  =  i  ton  2  cwt.  i  qr.  14  lb. 

■  ■  W  ^  ^  tons  3  cwt  17  lb.  =  I  ton  3  cwt.  i  qr.  141b. 


Example.— 

Evaluate  ^  0/ £2.  y.  i,d. 

£2.is.^.    X  12=^26, 
/I6-13               =£2; 

■■■    \%Oi£2.iS.Ad.-£2. 

EXESCISEB  XT.Tn,  a. 

Mental  or  Oral 

State  the  valu 

e  of  the  following: 

1.    J  of  I.. 

2.   iofis.                    3.   fofi.t. 

4.   Sof^i. 

5.   J  of  loi.  6d.            6.   t  of  l^. 

7.   f  oft  ft. 

8.    i  of  I  ft.  8  in.           9.    /g  of  3^.  (>d. 

10.   i  of  r  lb. 

11.   IJ  of  1  cwL            12.   J!  of  2  cwt.  2  stones. 

13.   ii\oi£y 

14.    ^of.qr.2lbs.     15.    iS  of  3  cwt. 

16.   H  of  3  yds. 

17.  ^oi£2.Zs.          1&   J^g  of  a  furlong. 

EXERCISES  XLUI.  b. 

Find  ihe  value  of  the  following  : 

1.    M  of  4  cwt. 

2.    ftof;^i2,  io..3rf- 

3.  }gof;i;i9.  I 

7s.  bd.                      1.   T^j  of  5  ions  9  cwt.  17  lbs. 

6.   M  of  7  lbs. 

12  oz.                        6.   ^  of  93  miles  18  chains. 

7.  li  of  132  yd 

Is.  I  ft.  II  ins.           8.    1%  of  9  m.  8  cm.  8  mm. 

9.  ^  of  8  kilogs.  4  Dekagr.           10.  ^g  of  40  ac.  2  ro. 

11.  J  of  a  gross  -h  J  dozen  -  •^  score. 

12.  gSof/3-4s-t  guinea. 

13.  |of  43yd3.  2  ft.  3in.+^of  I  chain. 

14.  ^of  136  tons  8  cwL+H  of  344  cwt  49  lbs.- H  of  I  ton. 
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Gmpliic  Blustratioiu  of  Vnlgar  Fractions. 

Example. — Draw  a  rectangle  icm.byi)  cm.,  regard  this  as  a 
unit;  divide  and  shade  portions  to  represe^ 


EXEBCISES  XT.in.  c. 

[Apparatus :  Squared  Paper."] 

1,  Draw  5  rectangles  12  cm.  by  8  cm.,  each  of  which  you  may 
regard  as  a  unit ;  divide  and  shade  portions  to  represent  the 
following  fractions ; 

(a)  J.         (i)  A.         (c)  J|.         (d)  U. 

2.  Taking   a   line  AB    as    unit,  draw  lines 
following  fractions  : 

(OS.         (ii)f.         (iiOf.         0' 
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33.   IMPROPER   FRACTIONS  AND   MIXED 
NUMBERS. 

If  by  means  of  a  vulgar  fraction  it  is  wished  to  compare'the 
magnitude  of  some  quantity  A  with  that  of  another  quantity  B 
which  is  taken  as  the  unit,  but  which  is  smaller  than  A.  the 
result  must  be  either  an  imptoper  ihutioD  or  a  mixed  number. 

It  may  be  said  that  33  oz.  is  JJ  of  a  lb.,  because  a  lb.  would 
have  to  be  dirided  into  16  parts  and  33  such  parts  taken  to 
obtain  33  oz. ;  the  fraction  ^^,  in  which  33  (the  numerator)  is 
fsreater  than  16  (the  denominator),  is  known  as  an  imptoper 
fraction,  to  distinguish  it  from  a  proper  fraction,  where  the 
numerator  is  less  than  the  denominator. 

It  might  have  been  said,  however,  that  33  oz.  is  2  lb.  and 
I  oz.,  i.e.  is  2  lb.  and  ^'j-  of  a  lb. ;  the  fraction  fj  would  then  be 
represented  by  2  and  tV'  or  usually  2-^^ ;  this  fraction,  consist- 
ing of  a  ivhole  number  and  a  proper  fraction,  is  known  as  a 
mixed  number. 

Example. — Express  as  mixed  numbers  the  following  :  f|,  ^-. 
(i)  W-     Divide  by  12,  obtain  2  and  4  over, 

I.e.    T-i  =  ^T7- 

(i)  -V'=4b-  Divide    by   8,    the    quotient    4   gives    the 

whole  number,  and  the  remainder  7  gives 
the  numerator,  while  the  denominator  is 
unaltered. 

Example. — {a)  To  convert  a  mixed  number,  say  6^,  to  an 
improper  fraction. 

6  units  are  the  same  as  7x6  =  42  sevenths.  Therefore 
altogether,  there  are  42  +  5  =  47  sevenths,  and  the  correspond- 
ing improper  fraction  is  ^. 

is)  Convert  ii-^  to  an  improper  fraction. 
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Example. — Find  5^  of  ^  cwt.  2  qr. 

i.e.  we  have  5  times  3  cwt.  i  qr.         =17  cwt.  a  qr. 
and  Y  of  3  *^"t-  ^  1^.,  i.e.  3  times  a  qr.    =1  cwt.  2  qr. 

■  ■■  5?  of  3  cwt.  2  qr.  =  19  cwt. 


EZEBCISES    XLIV. 

1.  Express  as  improper  fractions  ; 

<■>)  3}i.         W  Si-  W  -Sft.       W  !9A-        W  6jA. 

(/)  18!^.      (s>  ">&■     (*)  3S»         B  »4,'A-       (/)  S2». 

2.  Express  as  mixed  numbers  the  following' ; 

w  V,'-      m  w.      w  iv-     ('') »       « "JW. 

(/)  Wf-       Cs)  !(«»■      « ^Sif-      B  ftt-        W  '#. 

3.  A  spends  2}  times  as  much  as  B,  who  spends  5;.  iif.     What 
does  A  spend  ? 

4.  How  much  greater  is  3^^  of  £4  than  4^  of  ^i.  loj.? 

5.  What  must  be  added  to  y^  of  4  tons  10  cwt.  to  make  20  tons  ? 

6.  When  7j  lengths  of  168  yards  have  been  cut  from  J  of  a 
mile,  what  length  remains  ? 

7.  What  must  be  taken  from  i8Jf  cwt.  to  leave  7f  of  3  qrs. 
14  lbs.? 

8.  Find  the  value  of  3^%  of  ;^9.  9J.  4al+8^  of  191.  6rf.- I3ij  of 

One  Qaantitr  as  a  Vnlgar  Ft&ction  of  Another. 

Example. — Suppose  it  is  desired  to  express  jQz.  13J,  6d.  as  a 
vulgar  fraction  of  £^a,.  \%s. 

£j2.  13J.  6rf.  =  S3J.  6d.  =  6^2d. 
£^.  151.  od.^^$s.       =1140^. 
£2.     13J.    6(/.    could    therefore   be    obtained    by  dividing 
^£4.  15.;.  into  1140  equal  parts  (each   id.)  and  then  taking 
64a  of  these. 

£3.  \is.  6d.  is  accordingly  -^W  of  ^^4.  151. 
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A  slightly  different  procedure  is  as  follows  : 

^2.  i^s.  6d.  =  53J.  6d.  =  107  sixpences. 
£4.  iss.  o^.-95s.       =190        „ 
£2.     13J.    6d.    could    be    therefore   obtained    by   dividing 
j£4.  i$s.  into  190  equal  parts  each  equal  to  6d.  and  taking 
107  of  these. 

£2.  13s.  6d.  =  {^^o{  £4-  ISJ- 
T§J  and  y^iYj  here  express  the  same  portion — these  fractions 
are  therefore  said  to  be  equivalent. 


34.   EQUIVALENT   FRACTIONS. 

To  express  the  part  that  3  cwt.  is  of  1  ton,  we  can  use  the 
fraction  ^%  for  i  ton  could  be  divided  up  into  zo  equal  parts, 
termed  cwt.,  of  which  3  parts  are  taken ;  but  the  ton  may  also 
be  divided  into  So  qrs.  and  each  cwt  into  4  qrs.,  the  part  taken 
being  iz  qrs.  out  of  80  forming  the  whole  ton,  and  therefore 
represented  by  the  fraction  ^,  i.e.  -^ — t.  Again,  3  cwt.  is 
iizx  3  tbs.,  I  ton  is  20 x  112  lbs.,  and  the  fraction  could  be 

also  represented  by  -^ ; 

and  therefore  the  fractions 

— ,    3 — 3_ 3_    ajg  equivalent : 

2o     4x20     112  X  20 

and  so  generally  a  fraction  ^  is  equivalent  to  the  fraction 


A  fraction  is  unaltered  if  both  numerator  and  denominator 
are  multiplied  by  the  same  quantity,  or  if  both  numerator  and 
denominator  are  divided  by  the  same  quantity. 

When  the  numerator  and  denominator  are  the  simplest 
numbers  possible,  a  ft^ction  is  said  to  be  in  its  lowest  tenns. 
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ZLV.  a. 


L  {a)  Write  down  the  fraction  expressing  the  part  that  4  shillings 
is  of  a  pound,  in  the  same  manner  that  the  fraction  ^  was  used 
on  p.  162  to  express  ihe  part  that  3  cwt.  is  of  I  ton.  Write  down 
also  the  equivalent  fractions  possible  on  regarding  a  shilling  as 
'^uivalent  to  (i)  2  sixpences,  (f)  4  threepenny  bits,  (d)  12  pennies, 
(e)  24  halfpennies. 

Z.    Express  as  equivalent  fractions  in  their  lowest  terms  ; 

W  A.   W  A,   W  A.   M  A.   W  ft,   (/)  itt,   C?)  M- 

3.  Group  together  the  equivalent  fractions  among  the  following  : 

A,  «.  ft,  ft,   u.   n.   S.   U.  &%   A,  A- 

4.  Write  down  4  fractions  equivalent  to  the  following,  (i)  with 
smaller  numerators,  (ii)  with  larger  numerators  : 

M  !!■      (»)  m      W  Si!- 


5.    Fill  in  the  missing  parts  (numerator  or  denominator)  of 
the  following  fractions  : 

(il  Jj:^.     (iil  J9-.     (WW  JL.     (M  1^^.     M  ^-1^.     fvil  -2l. 


so  that  they  may  be  equivalent  fractions  to 

(«)  I        (6)  I        (c)  i. 

6.  What  weight  is  the  same  fraction  of  28  lbs.  as  (a)  84  lbs.  is 
of  112  lbs.,{*)  1 5 J.  is  of  ^4.  4J^.,  (c)  one  yard  is  of  4  ft.? 

7.  What  length  is  the  same  fraction  of  36  inches  as  (a)  an  area 
of  2  sq.  ft.  is  of  I  sq.  yard,  (i)  a,  volume  of  432  cubic  inches  is  of  a 
cubic  foot  ? 

8.  One  person  has  ^360,  another  ^108,  to  give  away  to  charitable 
institutions.  If  the  first  gives  a  hospital  j£8o,  what  does  the 
hospital  receive  from  the  second  person  if  he  gives  to  it  the  same 
fraction  of  his  total  gifts  as  the  first  ? 
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9,  At  one  match  a  cricketer  A  made  54  runs  out  of  a  total  of  297, 
and  he  made  the  same  fraction  of  a  total  of  264  at  a  second  match. 
What  was  the  fraction,  and  what  number  of  runs  did  he  make 
at  the  second  match  ? 

We  can  see  by  means  of  equivalent  fractions  which  of  two 
or  more  fractions  is  the  greatest.     Thus ; 

Example. — To  find  out  which  of  the  two  fractions  W,  W 
is  the  greater. 

We  try  to  find  two  fractions  equivalent  respectively  to  tlie 
given  fractions,  but  with  equal  denominators. 

Thus  \\,  %\,  %\,  -j^jV,  f/j  are  all  equivalent  to  ^. 

Also  W,  \^,  /i/j,  ^-^^  are  all  equivalent  to  W- 

Yos  is  clearly  greater  than  yg'^-  ^"<^  therefore  5?  is  greater 
than  If. 

The  numerators  might  have  been  made  the  same  as  in  the 
following  worked  example : 

Example. — To  find  which  is  the  greater  of  the  two  fractions 

TTIt.  T55- 

if^.  ^ff.  w.  tA.  imr.  j'A  a"^  al!  equivalent  fractions. 
T^ffi    ^(TJ  TBT'   TTZ---    form    another  group  of  equivalent 
fractions. 

-jyv  is  clearly  less  than  -^-^i,  whence  ^13-  's  less  than  yfj. 


EZEBCISES  XLV.  b. 

1.  Express  the  fractions  H.  f.  il  with  the  same  (least) 
denominator  ;  then  arrange  them  in  order  of  magnitude. 

2.  Write  down  the  greater  fraction  of  the  following  pairs  ; 

W  «,  (|.  W  !!,  W-  W  !i,  l\-  M  *8.  H- 

Wif.ii-  (/))!!,  H8-        W«,iS-        WM.M- 

<<■)«,«■  0)M,SS-  mA,» 
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E^nivalent  Fractions  nimittated  Orapliicallr. 

Draw  any  line  AB  (Fig.  az),  and  regard  it  as  a  unit. 

Bisect  the  line  at  C,  then  AC  represents  the  fraction  -J-.     Divide 
AB  into  4  equal  portions.     AC  e       F  H      K 

contains  2  of  these,  and  hence     . i-i    ' 1 '    '    ' 1 

AC  also  represents  the  fraction     ACS 
f .     Divide    AB   into   6   equal  fh;.  m. 

portions,  say  at  E,  F,  C,  H,  K.     AC  contains  3  out  of  the  6, 
and  therefore  represents  the  fraction  |. 

The  fractions  ^,  f,  ^  being  all  represented  by  the  same 
length  AC  are  hence  all  equivalent. 

Again,  draw  a  rectangle  ABOC  (Fig.  23)  6  cm,  long,  4  cm. 
broad,  and  regard  it  as  a  unit. 


The  rectangle,  may  be  divided  into  6  equal  portions  by 
the  5  lines  EK,*FL,  QM,  HN,  10,  and  AFLC  represents  the 
fraction  J. 

In  Fig.  24,  AFLC  represents  the  fraction  ^. 

In  Fig.  25,  AFLC  represents  the  fraction  ^-j. 

Hence  the  fractions  |,  ^,  ^^  are  all  equivalent. 


EXEB0ISE8  ZLV.  c. 
PracUcaL 

\Apparaius :  Squared  paper.     Scales.     Set  squares^ 
1.    Draw  a  line  3"  in  length  and  regard  it  as  a  unit ;  mark  off  a 
portion  to  represent  the  fraction  ^ ;  show  from  your  figure  that 
the  fractions  J,  3  are  equivalent. 
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2.  Take  a  line  AB  4"  in  lenglh  as  a  unit ;  cut  off  from  it  a 
portion  AX  to  represent  the  fraction  |  of  the  unit,  and  show 
that  it  is  the  same  value  as  ^\. 

3,  Draw  a  square  of  6  cm.  side,  and  consider  it  as  a  unit  area. 
Shade  by  diagonal  lines  ■f  of  the  area.  Shade  by  cross  diagonal 
lines  ^j  of  it.  Note  that  these  areas  represent  equivalent 
fractions. 

4.  Draw  a  rectangle  6  cm,  long,  4  cm.  broad  ;  regarding  it  as  a 
unit,  mark  by  shaded  lines  an  area  representing  the  fraction  J  ; 
show  graphically  that  the  fractions  g,  ^,  J|  are  equivalents, 

5,  Show  graphically,  by  suitably  divided  squares  or  rectangles, 
that  in  the  following  sets  the  fractions  in  each  set  are 
equivalent  : 

Wt.A-U-  (i)^%lil  WH,i.A- 


3B.   ADDITION   AND  SUBTRACTION  OF 
FRACTIONS. 

Two  or  more  fractions  with  the  same  denominators  can  be 
easily  added  ti^ether. 

Example. — To  evaluate  ^x  +  ^f+sf- 

This  addition  means  the  sum  of  17,   18,  32  equal  parts 
each  (isV)'"  of  a  unit,  i.e.  there  are  67  such  portions. 
Hence  the  sum  =  '?+is+3b  =  5^  =  ^W, 


13 -15  =  3-2  = 


If  the  fractions  have  different  denominators,  they  may  be 
changed  into  equivalent  fractions  in  which  the  denominators 
are  (he  same. 
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Example. — To  evaluate  f  +  x'^  +  xF- 

¥1  iS'  ^4'  3?'  \ts>  ft  *^^  ^  equivalent  fractions;  so  are 
m  5T.  Is-.  II.  and  also  j^^,  ^5,  ^^  .... 
The  sum  g  +  /u  +  A  '^  therefore  the  same  as 

Example. —  Torrid  the  difference  between  |f  anrf  \. 

ST  ~  Z  "  3Z  ~  3S  =  aT  =  T- 

If  the  fractions  be  mixed  numbers,  the  whole  numbers 
should  be  considered  separately. 

Example.— ^i-o/wa/f  3t+2j  +  it  +  §- 

=  6  +  ^-j  +  x^  +  -jS  +  T5 

Example. — Subtract  ^\from  6^,  i.e.  evaluate  6^-3^. 

where  \  and  ^  are  changed  into  equivalent  fractions  with  the 
same  denominator. 

Since  55  is  greater  than  ^,  proceed  either  thus  : 

3  +  F3*B^=^  +  '+F3~TrS— 2  +  53~b3 

or  thus  3  + 13  -  r5  =  3  -  -tf3  =  A\- 

EXEBCISES  XLVI.  a. 

1.  One  weight  is  3^  cwt,  and  another  is  jf^  cwt.  Express  these  in 
cwt.  and  lbs. ;  find  their  sum.  State  the  preceding  answer  in  cwt. 
and  fractions  of  a  cwt.,  and  verify  your  result  by  adding  together 
the'fractions  3f  and  i\%. 

2.  Find  the  sum  of  £z\%  and  ^sJ ;  verify  in  a  manner 
similar  to  that  suggested  in  Exercise  1. 
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3.  Add  together  the  following  : 

W  ».  *  3|,  1-  «  2!,  t,  I.  3|- 

W  tt.  3}.  6J,  »  M  7J,  8!,  H,  sj- 

W  31,  4H.  iH.il-  (/)  i,  3i.  4t,  s;.. ». 

«  2oSl  isi.  ■,".,  IS,  u)A-        W  31, 4>,  93U,  =!,  }S,  ■!». 

»  !«,  iSH,  i,  It,  f!i-  U)  3A,  7»J,  8i,  Jol,  58,  i6i. 

Find  the  difference  between  the  following  pairs  of  fractions  : 

4.  (a)  J  and  Ji,  {/>)  J  and  J,  (f)  IJ  and  H  W  /o  and  g. 

5.  (a)  U  and  JJ,  (i)  iJ  and  ?,  (^)  gj  and  ^,  (rf)  ^^  and  Jg. 

6.  (a)  ai  and  fj,  (*)  i»^  and  JJ,  (^  ft  and  j'j,  (rf)  J?  and  ji^. 

7.  (a)  19/,  and  ij^g,  (*)  zofgi  and  17JJ8,  (f)  iSft  and  4<4, 
(./)  760J  and  631!^. 

8.  Evaluate  3+Ji-j  +  J-*l- 

9.  Evaluateft+lf-g  +  Hi- 

10.   Evaluate  7!  +  i8?-(6iS+i8JJ). 

U.    Find  the  value  of  ;£7S+4t  guineas-  iSjl  hah  guineas+  14^^ 
crowns. 

12.  To  the  sum  of  6|  crowns  and  JJ  of  a  sovereign,  add  the 
dilTerence  between  8|  shillings  and  ^JJ, 

13.  What  is  the  value  of  139  tonE  +  16?  cwt.-siJJ  qr.-i43  lb.? 

14.  Take  17^  of  a  furlong  from  5^  miles. 

15.  When  23I  yds.  of  a  rope  had  been  used,  it  was  noted  that 
19]^  fL  were  left.     What  was  the  length  of  the  rope  ? 


EXERCISES  ZLVI.  b. 

PraotlMd. 
[A^arii/us:  Squared  pafer.  Set  squares.  Scales^ 
1.  Draw  a  line  AB  say  2"  long,  divide  it  up  into  3  equal  parts  ; 
take  two  of  these  parts  to  represent  the  fraction  \  ;  next  mark  oft 
on  your  paper  a  line  twice  as  long  as  AB,  and  divide  into  3  equal 
parts;  compare  the  length  of  one  of  these  parts  with  the  line 
representing  the  fraction  \. 
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2.  Draw  a  line  AB  5"  long ;  divide  it  into  4  equal  parts ;  let 
the  points  of  division  be  A,,  Aj,  Aj.  Next  divide  tlie  portion 
AAj  into  3  equal  parts,  and  give  the  value  of  |  of  this.  Note 
that  it  coincides  with  ^  of  original,  and  hence  S  of  j  = ...  ? 

3.  Draw  a  line  $"  long.  Divide  it  into  4  equal  pails  by  repeated 
bisecting ;  mark  off  jj  of  the  line,  call  it  XY.  Divide  this  portion 
XY  into  5  equal  parts,  and  mark  olif  a  part  containing  2  of  these  ; 
letter  it  XZ.  Then  XZ  is  }  of  J.  Divide  the  original  hne  into  ro 
equal  parts  and  show  that  XZ  is  3  of  these  or  ^  of  original 
line.     Hence  J  of  J  =  ft. 

4.  Draw  a  square  of  9  cm.  side  and  letter  it  ABCD.  Divide  AD 
into'  3  equal  parts  at  F,  Q.  Through  G  draw  GE  parallel  to  AB. 
Then  ABEQ  is  |  of  the  square. 

Divide  AB  into  9  equal  parts  at  H,  K,  L,  M,  N,  P,  Q,  R.  Through 
N  draw  NO  parallel  to  AD.  Then  ANOG  is  g  of  ABEG,  and 
ABEG  is  I  of  the  squaie.  If  the  number  of  square  centimetres 
in  ANOG  be  reckoned,  they  will  number  30,  and  .'.  ANOG  is  |J 
of  the  whole  ABCD.     So  fi  of  f-J?  or  ^. 

5.  Draw  a  rectangle  2'  by  1'  ;  divide  it  up  into  two  unit  squares 
(each  square  of  i  sq.  in.  being  regarded  as  a  unit).  Divide  up 
the  rectangle  also  into  3  equal  portions  by  2  lines  parallel  to 
the  2"  side  i  show  from  your  figure  that  J  of  z  is  3. 

6.  Draw  figures  to  show  that  J  is  equivalent  to  J  of  3  ;  that  J  is 
equivalent  to  J  of  4 ;  and  that  J  of  3  is  the  same  as  J. 


36.   CONVERSION   OF   FRACTIONS. 

CoDTersion  of  a  Decimal  into  a  Vulgar  Fraction. 

Example. — To  convert  o-zi6  io  a  vulgar  fraction. 

0-2  we  know  when  multiplied  by  10  =  2,  and  is  therefore 

the  tenth  part  of  2,  or  ^^  or  ^^^^  or  y/^,  these  being  equivalent 

fractions. 
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o-oi  becomes  i  when  multiplied  by  loo,  i.e.  it  is  the  hun- 
dredth part  of  unity  or  T-Jtr- 

o-zi6  when  multiplied  by  looo  becomes  216,  and  is  therefore 
the  thousandth  part  of  216,  which  is  the  same  as =■ — -^. 

Similarly,  («)  32-3452  =  32^^^  =  3  *^-      W  8-3  =  8^- 

From  this  process  it  is  seen  that,  when  decimals  are 
expressed  as  mixed  fractions, 

(i)  whole  numbers  remain  whole  numbers ; 

(ii)  the  numerator  of  the  fractional  part  consists  of  the 

decimal  figures ; 
(iii)  the  denominator  contains  lo  raised  to  a  power  equal 
to  the  number  of  decimal  figures. 
When   the  decimal   is   to   be   expressed   as  an   improper 
fraction,  the  complete  decimal  is   written  down  without  the 
decimal  point  to  form  the  numerator,  and  the  denominator 
consists  of    10  raised  to  a  power   equal    to  the   number   of 
figures  after  the  decimal  point.     Thus : 

^  518237  ^Si8237_ 
1000 


518-237  = 


OonversioD  of  a  Vnlgar  Fraction  into  a  Dedmal. 
Example.^  Tt*  convert  JJ  into  a  dedmal  fraction. 

The  fraction  means  that  a  certain  quantity  regarded  as  a  unit 
is  divided  up  into  60  equal  parts,  and  of  these  24  are  taken. 

But  we  have  seen  that  the  same  result  is  obtained  by 
dividing  a  quantity  consisting  of  24  units  into  60  equal  parts. 

Hence,  to  convert  jj  into  a  decimal,  we  merely  divide 
24  by  6a  by  the  ordinary  methods  used  in  decimals;  and 
similarly,  in  converting  any  vulgar  fraction  -;  into  a  decimal, 
we  merely  divide  a  by  b. 
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Becnning  Decimals. 

Example. — Convert  f  J  inio  a  decimal. 
IJ  when  reduced  to  lowest  terms  ^y^j. 
Dividing  8  by  15,  we  obtain 

I  o'^^^  The  remainder  is  continually  5  and  the  process 

^  '  will  never  terminate ;  the  decimal  quotient  is  re- 

s''       presented  by  0-53,   where   the  dot  above  the  3 
5°       indicates  that  the  3  can  be  repeated  indefinitely. 

Similarly,  21-87643  would  represent  a  n  on -terminating  or 

recurring  decimal,  in  which  the  figures  7643  recur  indefinitely. 

2  [-876437643764376437643 ... . 


EXERCISES  XLVIL  a. 
N.B. — In  no  case  n£ed  the   decimal  equivalents  of  any   of  the 
fractions  stated  be  carried  to  more  than  five  figures. 

1,  Express  the  following  decimals  as  vulgar  fractions,  reducing 
the  latter  always  to  lowest  terms  : 

.      (a)  0-6.  (b)  0-06.  (<:)  OKJ06. 

(d)  0.125.  W  07S-  (/)  0-32. 

is)  0-37S-  W  o-ss-  0')  0'o675. 

{j)a4A^  (i)  0-875.  (/)  0-0015625. 

(«)  7-64.  {«)  590-875.  (0)  0.06325. 

kt)  0-78575-  (?)  0-03=5-  W  0-9816. 

(j)  41-1875.  Wo<)9375-  («)  0-79ZS- 

(v)  0003875-  (IV)   18-6875.  W  62-0IO25- 

2.  Arrange  the  following  vulgar  fractions  in  descending  order  of 
magniiude  by  first  converting  them  into  decimals ;  check  your 
results  by  the  method  of  equivalent  fractions  ; 

(•).'.,  i.  AV,  ft-  (*)H,5!.A.  !■ 

«  H.  HI,  m-  W  1. 5.  a.  JJ.  A- 
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EXEBOISES  XLVn.  b. 

Qrapblc 

\Apparatus:  Squared  paper.     Diagonal  and  other  Scales.] 

1.  Draw  straight  lines  to  represent  the  following  lengths : 
il"i  V^'i  V'  ^Ti  measure  the  distances  off  also  (to  two  decimal 
places)  using  your  diagonal  scale  ;  check  your  results  by  converting 
the  given  fractions  into  decimals. 

2.  Draw  four  parallel  horizontal  lines  having  their  leit  ends 
vertically  over  one  another,  and  measure  off  from  the  left  the 
following  lengths:  3|",  31",  3-\^",  3^^".  Arrange  the  lengths  in 
descending  order  of  magnitude  and  write  opposite  to  each  its 
length  expressed  as  a  decimal. 

S,   Perform  the  following  operations  graphically  ; 

Check  your  result  by  evaluating  the  sum  as  a  vulgar  fraction,  and 
also  by  expressing  each  fraction  as  a  decimal  and  calculating  as  a 
sum  in  decimals. 
Also(*)2l+3i-2i-i^„. 


37.   MULTIPLICATION   AND   DIVISION  OF 
VULGAR    FRACTIONS. 

Multiplication  by  a  Whole  Number. 

Example. — To  multiply  J  by  5. 

5  represents  3  portions,  each  portion  being  one-fourth  of  a 
unit. 

^  X  5  represents  therefore  1 5  portions,  each  portion  being  one- 
fourth  of  a  uniti  and  the  result  is  therefore  represented  by 


nilarly,  any  vulgar  fraction  -=  x  any  whole 
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number  «=— ^-,  i.e.  to  multiply  a  fraction  by  an  integer  .we 

may  multiply  the   numerator    by  that  integer  and  keep  the 
denominaior  unchanged. 

ExAMPLE.^Tb  multiply  W  by  5. 

As  before,  the  result  is  -i4^;  becoming,  however,  -y-  on 
reducing  it  to  its  lowest  terms;  i.e.  we  have  divided  the 
denominator  by  5. 

EXAMPL.E. — To  multiply  Zjx  by  7. 

This  is  the  same  as  multiplying  ^\  by  7  and  adding  the 
result  to  7  times  2 ; 

.'.    =14  +  ^^=  14+  iit  =  i5't- 
The    operations    usually    are    performed    mentally    if  the 
numbers  are  small. 

Thus  7  times  3=21 ;  11  into  n  yields  1  and  to  remainder. 

7     „     2  — 14,  and  this  with  the  1  yields  15. 
And  the  answer  is  i5tt- 


DivlBion  by  a  Whole  Number. 

Example.— 7()  divide  %  by  3. 

Here  it  is  required  to  divide  into  3  equal  parts  an  attiount 
made  up  of  5  equal  portions,  each  portion  one-eighth  of  the 
complete  umt 

If  each  one  of  these  5  por 
tions  be  divided  into  3  and  one 
part  taken  from  each  portion, 
there  will  now  be  5  parts  each 
one  twent>fourth  of  the  unit, 
/  e    the    result    of   the    division 


This  operation    can    be   illus 
trated  by  a  diagram  in  which  ABCD  represents  a  certain  unit, 
while  AEFD  represents  f  of  that  unit      AGHE  is  \  of  AEFD, 
and  IS  clearly  ^\-  of  the  whole 
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Example. — To  divide  ^  by  3. 

Ill  this  case  it  is  clear  that  when  we  divide  by  3  the  portion 
consisting  of  6  parts  {11  of  which  parts  make  the  complete 
unit)  the  result  will  be  2  of  these  parts,  i.e.  /x  -^  3  =  tt- 

Hence  to  divide  any  vulgar  fraction  -  by  an  integer  e,  either 

(i)  multiply  the  denominator  by  ^, 
(ii)  or  divide  the  numerator  by  c. 


In   the   case  of  mixed    numbers,    it    is    frequently   most 
convenient  to  reduce  to  improper  fractions  before  division. 

Example. — To  divide  i^j-  by  3. 

It3  "^  3  =  T5  "^  3  =  'SB'' 


EXEBCISES  XLVIII.  a. 
Fr&oticaL 

\Apparatui :  Squared  paper.    Scales.    Set  squares^ 

1.  Draw  a  line  I'j  of  an  inch  in  length ;  mark  it  off  5  times  on 
another  line  about  3"  long  ;   show  by  using  a  suitable  scale  that 

2.  Find  graphically  the  results  of  the  following  operations  : 
Wsixs.  (0)  Llxj.  Waix3-  Wijxj, 
«Jx7.            (/lixio.           te)iX4.  WJxj. 

(0  I'.x?.  01  iHxj. 

3.  Draw  a  line  if'  long  ;  divide  it  into  (n)  5,  {b)  3,  equal  parts, 
and  find  graphically  (a)  iJ-i-J,  {b)  i|-i-3- 

4.  Draw    a    line   sf    long;    and    find    graphically  (a)  3^-h3, 

5.  Draw  a  line  5}"  long ;  divide  it  into  4  equal  parts,  finding 
thus,  5K4- 
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6.  Draw  a.  rectangle  S  cm.  long  and  4  cm.  broad  ;  consider  it  as 
a  unit;  mark  off  an  area  representing  Jg  of  the  unit;  find  graphically 
the  result  of  dividing  the  fraction  by  S. 

7.  Use  the  method  suggested  by  Ex.  6,  to  perform  the  following 
Ofterations  : 


EXERCISES  XLVIU.  b. 

1.  Find  the  value  of  JJ  x  5,  and  to  verify  your  answer 
consider  the  unit  as  ;^i,  find  the  value  01  £11,  multiply  tlie 
result  by  5  and  express  the  answer  as  a  fraction  of  a  £. 

2.  Evaluate 

To  prove  your  results  replace  Xhe  vulgar  fractions  by  their 
equivalent  decimals ;  then  multiply  and  change  the  answer  back 
again  to  vulgar  fractions. 

3-    Evaluate 

Prove  your  result  by  a  method  similar  to  that  suggested  in  Ex.  2, 


Utiltlplicatlon  of  one  Fraction  by  another. 

Example. —  To  multiply  one  vulgar  fratfton  ^  fy  another  %. 

We  have  to  divide  f  -A  into  d  equal  portions ;  each  of  which 
must  be  - — -,  and  then  lake  c  such  portions.  The  answer 
therefore  =^>'i — '^~  h~~d' 

Or,  the  numerators  are  multiplied  together  to  form  the  new 
numerator,  and  the  denominators  are  multiplied  together  to 
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form    the    denominator;    the    resulting    fraction   is   generally 
expressed  in  its  lowest  terms.     Thus  : 


243  ^  64     3x1     3 
Dividing  numerator  and  denominator  by  64,  and  also  by  81. 

Example.— ^^  x  4^      ^^^  ^  ^_. 

"175x99' 
In  simplifying  it  is  well  to  note  the  common  factors. 
S  clearly  divides  35  and  175 ;  11  and  3  both  clearly  divide 
264  and  99. 

Thus  the  fraction  =  yxf "  t  ^a' j->l"3  =  Ti' 
The  operation  of  simplifying   by  cancelling  is  frequently 
conducted  as  follows :         ^ 


This  is  a  clumsy  process,  and  is  productive  of  errors  if  carried 
at  all  far. 

EXEBOISES  XLXX.  a. 
PmetlcBl. 

[Appara/us:   Squared  paper.     Scales.l 

1,  Rule  your  paper  into  squares  of  \  inch  side,  and  find  tiie 
areas  of  the  following  rectangles  : 

(a)  Length  J",  breadth  |".  (*)  Length  I",  breadth  i|". 

{c)    „    r.    ..    r-     i'l)    ..  ¥",    »    r. 

(*)      „     F,      „     Y-       (/)      ,.     \\      „      J". 

is)    .,   r.    .,    ¥■     (*)    »   r,    ,.    r 

2.  Rule  paper  into  squares  of  ^  inch  side,  and  find  the  areas 
of  the  following  rectangles :  {a)  ■^"  long  and  -^"  broad  ;  (i)  f 
long  and  ^"  broad.  Find  also  the  area  of  a  square,  (n)  ^"  side  ; 
{d)  A'  side. 
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3.  From  a  square  of  10  cm.  side,  a  rectangle  9  cm.  long  by 
8  cm.  has  been  taken  away.  What  area  remains,  and  what  fraction 
of  the  whole  is  it? 


EXEBOISES  yr.TT    b. 

1.  Multiply  (a)  g  by  i¥,  (i)  i  by  U,  ic)  }f  by  JJ,  {d)  ^  by  ||. 

2.  „        («)  il  by  3i  iP)  «J  by  i6i,  {c)  ^  by  27i,  (rf)  H3 

byjf 

a  „        («)5of4ibytVofi,(*)5Aby,^ofig,(^)3iby4}. 

4.  „         (a)  JJ  of  J«  of  i  by  23  of  4S,  (*)  jftV  of  iSS  by  i^- 

5.  Find  the  continued  product  of  (a)  7f,  i6t,  i^  ;  (i)  |,  ^, 

6.  Find  the  continued  product  of  f^|f,  |gf,  ^,  ^. 


EXERCISES  XLTX,   c. 

PraotioaL 

[Apparatus  required:  Mathematical  instruments.    Scales. 

Squared  paper."] 

1.   Using  your  scale,  find  how  many  times  }  of  an  inch  is 

contained  in  3  inches.    Hence,  write  down  the  result  of  the  operation 

3-1- 


similarly,  obtain 

(•)  J*l- 

(»)  i*i. 

W  !+»■ 

W  3i+* 

»  rt+ts. 

</)  3j+i. 

Cf)  3S+ft. 

m  3Hft- 

«  il^f. 

0)  3!  +  ft 

.   Draw  two 

rectangles,  each  7  c 

m.  long  and  6  cir 

regarding  each  of  these  as  a  unit,  rule  them  off  so  as  to  represent 
the  fractions  ?  and  J ;  and  from  your  figures  compare  these 
fractions,  i.e.  daA  what  multiple  f  is  of  ^,  or  find  J-rJ. 

J.M.A.  M 
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4.  Draw  two  rectangles,  each  1 5  cm.  long  and  8  cm.  broad  ; 
resarding  each  of  ihese  as  a  unit,  rule  them  olf  so  as  to  represent 
the  fractions  ^  and  J ;  and  from  your  figures  compare  these 
two  fractions,  i.e  find  whal  multiple  -^  is  of  ^. 

6.  Similarly,  find  by  drawing  suitable  figures  the  multiples  that 
(a)  JJ  is  of  I,  and  also  of  g  ;      {/>)  \l  is  of  jf,  and  also  of  J. 

6.    Find  graphically,  (a)  j§-^i  ;  (*)  ^^l 


EXEBCISES  ZLIX.   d. 

1.  How  many  lb.  are  there  in  (a)  ?  of  a  cwt.,  (*)  S  of  a 
What  multiple  is  (c)  |  of  a  cwt.,  of  ^  of  a  cwt.  ? 

2.  What  multiple  is  (J  of  a  yard)  of  (g  of  a  yard)  ? 

3.  What  multiple  is  (8  of  a  yard)  of  (J  of  a  yard^ .' 

4.  How  many  times  is  J  of  a  ^  contained  in  ^  of  a  ^  f 
6,    How  often  is  £i  contained  in  )^f  of  a  ^  ? 

6.    Hovv  many  times  must  ^^j  be  repeated  to  make  j 
guinea  ? 

7-    How  ofteti  may  2J  qr.  be  taken  from  4^  ton  ? 

8.  How  many  lengths  of  4t^  of  a  yard  can  be  cut  from  38 

9.  What  part  of  3^  miles  is  Z20  yd.? 

10.  How  often  is  g  ft.  contained  in  5  yd  ? 

11.  How  often  is  J  pint  contained  in  3J  gal.  ? 

12.  How  often  is  J  of  a  dozen  contained  in  sj  scores. 

DiTision  of  One  Fraction  hj  Another. 

Example. — To  /divide  !j-  by  %. 


Put  differently  the  question  is : 
What  multiple  is  ^  of  I 
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Now,  it  is  clear  that  if -IJ  be  divided  up  into  ai  equal  parts, 
each  ;'^,  and  if  40  of  such  parts  be  taken,  the  result  will 

Accordingly,  j^  is  ff  times  §J, 


0x7       7  X  20 


And    (13x7)    one-hundred-and-fortieths 
9  >:  20)  one-hundred-and-fortieths. 


Similarly,  any  vulgar  fraction  -  may  be  divided  by  another 
c  ^ 

vulgar  fraction  -.     Thus 

a^c     axd  _  ixc_ay.d 

b-  d°  b-Kd-  b-Ad     b-Ac' 
whence  is  obtained  the  following  rule ; 

To  divide  one  quantity  by  a  fraction,  invert  the  divisor  and 
multiply. 

Example.— II J -=- II 

156     15     12x13x15     12     4 


If  one  of  the  fractions  he  mixed,  it  should  be  first  converted 
into  an  improper  fraction. 
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EXERCISES  L. 

1.  Divide^  by  (a)  A-    (^)  A-    W  *t.    ('Oil    W  i%- 

2.  Evaluate: 

3.  Evaluate,  checking  your  results  by  decimals  when  convenient : 

(^j)  iHi-  (*)  3HA-  W  4A-IIS- 

(rf)HHi8.  W*f*-A. 

1.   Evaluate : 

('•)II-C'iJof/5).  (i)(8K'iJ)ofA- 

W  i!!Vof[iyr^C'ifofiA)].    (<0(iAofiW)-('JSof'A)- 

WOfSofiD-OHiofift). 


EZEROISES  U. 

msaeUuieaiu. 

1.  Express  los.  6ti.  as  a  fraction  of  t$s.     State  the  fraction  in 
its  lowest  terms. 

2.  Express  £2.  2J.  6rf,  as  a  fraction  of  £7.  is.  &/. 

3.  Express  three  and  a  half  guineas  as  a  fraction  of  ^5.  Ss.  6d. 


6.    Express  7  ton  17  cwt.  2  qr.  as  a  fraction  of  18  tons. 

6.  Express  lo  yds.  28  in.  as  a  fraction  of  t  chain. 

7.  On  an  estate  plan  a  rectangular  block  laj'x  8}' represents 
56  sq.  yds.  24  sq.  in. ;  what  fraction  is  the  plan,  of  the  area  it 
represents  ? 

8.  Express  2  qts.  1  pint  as  a  fraction  of  36  quarts. 
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9.  A  person  travelled  56  miles  by  rail,  34  miles  by  coach  and 
completed  the  journey  of  1 12  miles  by  riding.  Express  as  fractions 
of  the  entire  length  of  the  journey,  the  distances  covered  by  each 
method  of  travelling. 

10.  When  a  cargo  of  252  tons  had  been  loaded  in  a  ship,  it  was 
found  that  -j^g  of  the  available  tonnage  was  used  ;  what  was  ihe 
total  tonnage  i* 

11.  What  fraction  is  8  lb.  3  oz.  of  2  lb.  14  oz.?  Express  the 
answer  both  as  a  mixed  number  and  as  an  improper  fraction. 

12.  What  fraction  of  £2.  Ss.  is  ^1 .  6j,  8rf.  ? 

13.  How  often  is  |J  contained  in  the  sura  of  f  and  |  ? 

14.  Divide  the  sum  of  ^  and  J  by  the  product  of  3J  and  JJ. 

15>  What  is  the  difference  between  the  product  of  J^  and  7 J,  and 
the  sum  of  2  J  and  3f  ? 

16.  What  must  he  added  to  the  product  of  Jf  and  JJ  to 
make  ^  ? 

17.  Arrange  the  following  in  ascending  order  of  magnitude  : 

(«)?+«.      «2S-.A.      Wlxjf.      W3i+>f 

18.  By  what  quantity  must  the  sum  of  J,  f,  J-  be  multiplied  to 
yield  i^I? 

Evaluate  the  following  expressions  : 

"•Wf^l—fy  »ixH+('A-ft       »JJ§- 

22    M  4J-t»f4A-<-«-i-48       M)  6Aot3?-.«rofiat 
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23.    Find    the    average    Bank  of   England   minimum  rate  of 
discount  for  each  of  the  years  from   1893  to  1903.     State  your 
s  mixed  numbers. 


Bank  of  England  Minimum  Rate  of  Discount, 


' 

893 

ro  - 

303- 

Months.      \  .E» 

.S94 

,895- 

1896. 

.897- 

.858. 

.Sfl9- 

19DO. 

,„., 

,„ 

January    - 

't" 

1 

2 

2 

li 

Ij 

4!l 

m 

3»J 

February  - 

2it 

2 

li 

3 

4A 

3,V 

March      - 

■( 

3 

April 

2 

2 

2 

l\ 

Ifil 

1 

4 

3« 

5S 

June 

3 

3A 

3t 

July-         - 

H 

si 

3ft 

3it 

August     - 

1! 

September 

4{ 

If 

J* 

1* 

3A 

October    - 

s* 

4* 

m 

November 

4 

1 

K 

December 

2 

2 

4 

3 

Average 

24.   Evaluate  (a)  HM-^iSM-  C-*)  iVVft-^JH- 

2B.    Evaluate  (a)  ^^ - , ^„ .  (*)  riJir- T«^i  +  iW^- 

26.    Reduce  to  their  lowest  terms  : 

(«)  mi      {/>)  sm-      w  Jisi- 

38.   GREATEST  COMMON   MEASURE. 

When  a  fraction  has  to  be  reduced  to  its  lowest  terms,  the 
numerator  and  denominator  are  divided  by  all  the  factors 
which  may  be  common  to  both.  In  most  of  the  fractions 
dealt  with  so  far,  the  process  has  been  simple.  We  will  now 
consider  cases  where  the  factors  are  not  quite  so  obvious. 
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If  both  numerator  and  denominator  can  be  split  completely 
into  their  "  prime  "  factors,  it  will  be  easy  to  recognize  those 
which  are  common. 

Prime  Factors  are  those  which  are  incapable  of  being  split 
up  any  further. 

We  must  begin,  therefore,  by  stating  rules  which  determine 
whether  or  not,  some  of  the  more  common  numbers  are 
factors. 

(a)  2.     All  even  numbers  are  divisible  by  2. 

(i)  i.  If  the  number  expressed  by  the  last  two  digits  is 
divisible  by  4,  the  number  itself  is  divisible  by  4. 

(c)  8.  If  the  number  expressed  by  the  last  three  digits  is 
divisible  by  8,  the  number  itself  is  divisible  by  8. 

(a")  3  or  9.  If  the  sum  of  the  digits  be  a  multiple  of  3,  the 
number  itself  is  a  multiple  of  3,  and  this  rule  applies  also  to  9. 
Any  number  is  a  multiple  of  9  if  the  sum  of  the  digits  is  a 
multiple  of  9. 

(e)  11.  Find  the  difference  between  the  sum  of  the  digits 
in  the  units,  hundreds,  tens  of  thousands,  and  other  odd 
number  of  places,  and  the  sum  of  those  in  the  tens,  thousands, 
and  other  even  places.  If  this  difference  be  o  or  a  multiple 
of  II,  then  the  number  is  divisible  by  11. 

(/)  5.     Every  number  ending  in  5  or  o  is  a  multiple  of  5. 

(g)  25.  Every  number  ending  in  00,  25,  50  or  75  is  a 
multiple  of  25. 

Proof  of  (e). 

Consider  any  number  such  as  31742. 

It  may  be  regarded  as 

3x10000+1x1000+7x100  +  4x10  +  3. 
Thus  =3(9999+1)  + 1  (iooi-i)+ 7(99+1) +  4(11 -i)  +  a 
-.3(11  X  909) +  i{iix9i)  +  7(iix9)  +  4(ii) 

+  3-'+7-4  +  2. 

=  11(3x909+1  X  91 +  7  x9  +  4)  +  3- 1  +  7 -4  +  2. 

On  dividing  by  1 1,  the  remainder  is  the  same  as  that  obtained 

on  dividing  3-1  +  7-4  +  2,  and  the  number  can  be  divided 

exactly  if  3-1  +  7-4  +  1  can  be  divided  exactly  by  11,  and 

similarly  for  any  other  number. 
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Example. — 7h  simplify  yfisS"  '■'•  '"  reduce  the  fraction  to 
its  lowest  terms. 

io296  =  8x  i287=»2*x  1287  8  divides  the  number  ex- 

pressed by  the  last  3  digits, 
i.e.  296. 
=  2"x3*xi43  The  sum  of  the  digits  in 

1287  is  clearly  a  multiple  of  g. 
=  a'  X  3*  X  1 1  X  13.  143  is  seen  to  be  a  mul- 

tiple of  1 1  -,■  I  -  4  +  3  =  a 
The  expression  is  now  split  up  into  its  prime  factors. 
12420  =  4x3105-^2^x3105  4  divides  the  number  ex- 

pressed by  the  last  2  digits. 


=2^x5x621 

3105  ending  in  5  is  divisible 

bys- 

621  has  the  sum  of  its  digits 
equal  to  9. 

12420  is  now  split  up  into 
its  prime  factors. 

=  22xsx3«x69 
.  a»  X  5  X  38  X  23. 

.    10296     2^X3^ 
12420      2«X5 

X3 

X  13     2x11x13     z86 
X  23       3  X  s  X  23      345 

EXERCISES  LII.  a. 

L   Split  up  into  prime  &ctors  the  following  numbers  : 
(a)  225.  <<*)  132.  (/I  792- 

(rf)  1375.  {e)  504.  (/)  1024. 

(g)  256.  (-*)  384-  (0  320- 

2,   Simplify  the  following  fractions  : 
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Simplify  the  follo\ 

■i.g 

fractions ; 

w^- 

'9999 

«|S- 

«i- 

«5if^ 

<^>ii- 

Definition. — The  greatest  number  which  can  divide  exactly 
any  given  numbers  is  called  their  OroateBt  Common  Measure. 

Example.  —  To  find  the  Greatest  Common  Measure  of  15000 
and  4400. 

Resolve  the  nutnbers  into  their  prime  factors,  i.e.  a*  x  3  x  5^ 
and  a*  X  5^^  X  u.     Clearly  the  common  factors  are  2*  and  5*, 

and  the  Greatest  Common  Measure  =  z'  x  5^  =3  aoo. 


EXEBCaSES   LII  h, 

1.  Find  the  Greatest  Common  Measure  (g.c.m.)  of  the  following : 
(a)  a'x3»x5and  2«x3»xii.  (i)  2'x3=x5>  and  5«X3'x2'. 
(c)  III  and  370.  (rf)  172B  and  1584. 

W  1325  and  3125.  {/)  252  and  297. 

(^)  384,  480  and  576. 

2.  The  frequencies  of  the  vibrationa  of  the  notes  comprising  the 
major  chord  C,  E,  Q  are : 

C  256.  E.  320.  G,  384. 

What  are  the  three  simplest  numbers  which  can  be  employed  in 
finding  the  ratio  of  these  frequencies  ? 

3.  Draw  up  a  table  of  all  the  prime  numbers  between  I  and  100. 

4.  A  number  lying  between  1000  and  loooo  is  set  up  in  type,  the 
type  becomes  mixed,  one  figure  is  lost,  the  others  being  3, 6  and  4  ; 
the  number  is,  however,  known  to  be  divisible  by  72.  What  was  the 
missing  figure,  and  what  the  actual  number? 
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When  in  endeavouring  to  find  the  g.c.m.  of  two  numbers,  the 
factors  are  not  easily  found,  a  more  general  method  has  to  be 
adopted.  Its  principle  will  be  seen  from  the  following  graphical 
examples : 

Qiaphical  Introduction  to  General  Metbod. 

Suppose  ABCO  (Fig,  27)  represents  the   plan  of  a  room 

84  feet  long,  57  feet  wide,  and  Chat  we  wish  to  cover  the  floor 

of  the  room  with  lai^e  square  tiles  none  of  which  are  to  be 

cut     What  is  the  bluest  tile  which  can  be  employed  ? 


Mark  off  a  distance  equal  to  the  breadth  AD  along  the  length 
AB,  reaching  as  far  as  E  say.  Then,  since  the  tiles  fit  exactly 
as  far  as  D,  they  will  extend  exactly  as  far  as  E,  and  the 
edges  of  some  of  the  tiles  will  therefore  form  a  line  down  from  E 
parallel  to  AD ;  draw  this  line ;  let  it  be  EF.  Then  EBCF  can 
be  floored  exactly  with  the  same  sort  of  tiles  as  the  floor  ABCD. 
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Set  off  distances,  equal  to  EB,  along  BC — once,  twice- 
reaching  as  far  as  Q;  through  Q  draw  QH  parallel  to  CF, 
meeting  EF  at  H.     Then  the  tiles  must  cover  GCFH  exactly. 

Mark  next  FH  along  FC;  this  can  be  done  once— twice ... 
9  times  exactly,  and  GCFH  can  be  floored  exactly  with  9  tiles, 
each  3  ft.  in  length ;  and  3  ft.  is  the  side  of  the  greatest  tile 
which  can  be  employed  to  cover  the  floor  and  3  is  the  greatest 
common  measure  of  57  and  84. 


EXERCISES  LIl.  C 
Orapble. 

[A/,paraius :    Squared paper^ 

1.  {a)  A  room  is  117  feet  long  and  9.1  feel  broad.  If  its  fioor  is 
to  be  covered  by  square  parquets,  find  the  greatest  size  of  a 
parquet  in  order  that  no  parquet  need  be  cut.  Show  on  your 
drawing  (to  any  convenient  scale)  the  plan  of  the  floor  with  its 
parquetry.  Find  also  the  largest  parquet  which  could  be  used  for 
a  room,  ifi)  13-6  ft  long   11-9  ft  broad,  (t)  I5'4  ft.  long,   12^5  ft 

2.  A  room  is  i6'5  feet  long  by  10-5  feet  broad.  l''ind  the  length 
of  the  largest  pattern  that  may  be  employed  on  a  frieze,  in  order  that 
the  pattern  may  repeat  an  exact  number  of  times  on  the  frieze. 

3.  The  circumference  of  one  wheel  is  114  millimetres,  the 
circumference  of  a  second  is  84  millimetres.  If  each  wheel  has  to 
be  cut  into  teeth  of  the  same  size,  what  is  the  greatest  width  of 
a  tooth  ;  state  also  bow  many  teeth  there  will  be  on  each  wheel  ? 

4.  Find  the  g.c.m.  of 

{a)  87  and  63.        {b)  64  and  76.        (c)  135  and  215. 

6.  A  rectangle  is  i5'5  em.  longand  11-5  cm. broad;  find  the  least 
number  of  exact  squares  into  which  it  might  be  cut. 
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QeneraJ,  Method. 


The  general  method  for  finding  arithmetically  the  g.cm.  of 
wo  numbers  is  now  clear. 

Example. — To  find  the  g.cm.  of  \i(^\  and  4o6g. 

Divide  4069  by  1794;  the  quotient 
is  2  and  remainder  481.  The  required 
G.CM.  is  also  the  g.cm.  of  481  and  1794. 

Divide  481  into  1794;  the  quotient 
is  3,  remainder  35 1.  The  g.cm.  is  there- 
fore also  the  g.cm.  of  351  and  481. 

Proceeding  in  this  way,  we  see,  finally, 
that  the  required  gc.m.  is  the  Greatest 
Common  Measure  of  13  and  39. 


i794 

)  4069  (a 

48t 

481 

)  1794(3 

35' 

351 

)   481 {1 

130 

130 

)   3Si(2 

91 

91 

)    130(1 

39)    91(2 


But  13  divides  39  exactly,  and  hence 
13  is  the  required  Greatest  Common 
Measure. 


Note, — The  quotients  need  not  be  written  down,  and  the 
whole  work  may  be  shortened  into  the  following  form  : 


_^      39 

The  work  may  frequently  be  further  shortened.  When  at  any 
stage  factors  which  are  clearly  not  common  can  be  recognized, 
these  may  be  disregarded  and  discarded.  Thus,  in  the 
preceding  example,  at  the  stage  91  130 

the  irrelevant  factor  10  can  be  discarded,  and  13  is  at  once 
seen  to  be  the  g.cm. 
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EXEB0I8ES  UL  d. 

1.  A  boy  has  two  sticks,  one  144  inches  long,  the  other  78  inches 
long ;  he  wants  to  cut  them  up  into  an  exact  number  of  pieces,  each 
of  the  same  length.  What  is  the  length  of  the  longest  piece  that  he 
can  obtain  in  this  way?    How  many  such  pieces  will  he  then  have? 

2.  Two  persons  A  and  B  are  distributing  sums  of  money  to 
poor  people,  each  person  receiving  the  same  amount.  If  A 
distributed  ^21.  15^.  and  B  distributed  £S.  ;j.,  what  is  the 
highest  possible  amount  that  a  poor  person  could  have  received? 

3.  Find  the  G.C.M.  of 

(a)  1965  and  2227.  (6)  1703  and  3799.  (c)  1631  and  2796- 

{d)  1635  and  1853.  (e)  7625  and  8175. 

4.  Reduce  to  their  lowest  terms  the  following  fractions  : 

<->S'     «ifl-     <'>g5    «*■ 

«*■   ^>m-   <^>^'    <^>s- 

^    '  21 17  ^  '  10668  ^'  Mil  '^'  ^(87 


10668  ^  '  343'  ^'  5587 


5.  There  arc  three  glasses  of  volumes  336  c.c,  90  c.c,  528  c.c, 
respectively.  Find  the  greatest  volume  of  a  measure  (known  but  not 
graduated)  which  could  be  employed  to  determine  their  volumes  if 
these  volumes  had  not  been  known. 

6.  What  is  the  smallest  number  of  equal  weights  which  can  be 
obtained  by  dividing  up  completely,  a  weight  of  1572  lbs.,  a  second 
of  1392  lbs.,  a  third  of  1 140  ibs.  and  a  fourth  of  1044  lbs.  ? 

.  7.  A  piece  of  timber  37S'0  inches  long,  34-5  inches  broad  and 
24-0  inches  thick  is  to  be  cut  completely  up  into  a  number  of  equal 
cubes.     Find  the  size  of  the  greatest  possible  cube. 
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8.  What  is  the  least  number  a!  equal  cubes  which  can  be 
arranged  so  as  to  form  a  block  473  inches  long,  176  inches  broad, 
143  inches  thick? 

9.  A  portion  of  a  breakwater  is  to  be  I2I-6  ft,  long,  53'2  ft, 
broad,  22'8  ft.  thick,  and  is  to  be  built  of  the  largest  cubical  blocks 
of  granite  possible.     Find  ihe  size  of  the  blocks  to  be  used. 

10.  There  are  three  heaps  of  bricks  numbering  respectively  6194, 
2282  and  7498,  and  they  are  to  be  carted  away  by  taking  away  each 
time  the  same  number  of  loads  from  each  heap.  What  is  the 
greatest  number  of  bricks  that  can  be  taken  per  toad,  and  what 
will  be  the  total  number  of  loads  ? 

11.  The  perimeter  of  one  garden  is  1222  inches,  the  perimeter  of 
another  is  2162  inches.  What  is  the  length  of  the  longest  piece  of 
string  which  may  be  used  to  compare  their  perimeters  ? 

12.  I  wish  to  distribute  480  oranges  and  1184  apples  between 
some  school  children,  giving  an  equal  number  of  oranges  or 
apples  to  each  child.  What  is  the  greatest  number  of  each  fruit 
a  child  can  have  ? 

13.  What  is  the  greatest  weight  which  can  be  taken  an  exaa 
number  of  times  from  15  cwt.  2  qrs.  i6  lbs.  and  10  cwt.  8  lbs, 
without  leaving  any  remainder? 

14.  Two  companies  of  soldiers  numbering  respectively  1632 
and  3072  are  to  be  arranged  in  parallel  rows  with  the  same  number 
of  men  in  each.  What  is  the  greatest  number  to  a  row  so  as  to 
admit  of  this  being  done,  and  how  many  rows  will  there  be? 

15.  What  is  the  greatest  amount  which  can  be  paid  an  exact 
number  of  times  from  each  of  the  sums,  £4.  i^s.,  £2(1.  Ss.  Zd. 
and  ^13.  6s.  without  leaving  any  remainder? 

16.  There  are  four  heaps  of  balls,  A,  B,  C  and  D,  numbering 
respectively  1071,  567,  2583,  1449.  They  are  to  be  re-arranged 
in  groups  so  as  to  have  the  same  number  in  each  group,  and 
without  mixing  balls  from  different  heaps.  What  is  the  greatest 
number  which  can  be  put  to  a  group,  and  how  many  such  groups 
will  there  be? 
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39.   LEAST  COMMON  MULTIPLE. 

Suppose  we  wish  to  add  the  three  vulgar  fractions  j\,  J 
and  Yj.  Each  fraction  must  be  changed  into  an  equivalent 
fraction,  and  these  three  equivalent  fractions  must  have  the  same 
denominator,  and  it  is  clearly  important  that  this  Common 
Denominator  should  be  the  smallest  possible.  Thus,  in  the 
case  cited,  we  change 

t\,  J    and  ^ 
into  14.  TO  a"d  TO- 

The  sum  is  therefore  f|;  and  60  is  the  least  number  which 
is  a  multiple  of  iz,  and  4,  and  15;  in  other  words,  their 
Least  Common  Multiple, 

In  the  same  way  we  would  proceed  in  adding — or  sub- 
tracting— other  fractions. 

Example, — To  find  the  Least  Common   Multifile  of  240, 


325-25x9  =  5^x3^. 

The  multiple  must  therefore  contain  a  2,  repeated  4  times 
so  far  as  is  necessary  for  240  to  be  a  factor  ;  but  128  contains 
2  repeated  as  a  multiple  7  times,  and  therefore  the  Lowest 
Common  Multiple  (frequently  represented  by  l.c.m.)  must 
cont^n  2^  as  a  factor. 

Similarly,  it  must  contain  5^  and  3^,  and  its  value  therefore 


-S-x3«x2'«288oo. 
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^r.hMvix..~To  find  the  Least  Common  Multiple  of -^  y.  7'x  2* 
and  5*  X  7^  X  2  and  3*  x  5'  x  7I, 

The  L.c.M.  of  3^  X  7*  X  2*,  and  5'  x  7*  x  2^,  and  3^  x  5*  x  7* 
will  be  3^  X  7*  X  2*  X  5*,  in  which  it  will  be  noted  that 

(i)  Each  prime  factor  occurring  in  the  given  numbers, 

occurs  in  the  l.c.m. 
(2)  The  power  associated  with  that  factor  in  the  i-C.M., 
is  the  highest  power  associated  with  that  factor  in 
any  of  the  given  numbers. 
We    may  express    these  rules,   using  symbols  instead  of 
numbers.    Suppose  one  number  when  split  up  into  its  prime 
^"'^"'^  =<j'x^x^x*", 

and  that  a  second  number  =  a'xd''xc'xrf''„ 
where  X  is  greater  than  j:, 


Then  the  l-cm.  =  o'  x  i*"  x  ^  x  e"  x  i". 

EZEBCI8ES  Lin.  a. 
Hsiital  or  Oral. 
State  or  write  down  the  L.c.M.  of  the  following  in  factor  form, 
■without  evaluating. 


2.  3'xs',3' 

.3',2'xs'. 

4.     1I»X2<X 

X5«xs=,, 

■ix5'x3',  5x3= 

ixa'x.a" 

7.   8'X9,9' 

■x.oxs'. 

9.   7x8,  4X 

10x3. 

10.   9*  >!  5.5^4*. 

Oeneral  Method. 
Occasionally  it  may  be  difficult  to  split  up  each  term  into  its 

prime  factors.  In  these  cases,  and  in  these  cases  only,  the 
Least  Common  Multiple  is  obtained  by  successive  applications 
of  the  principles  involved  in  Greatest  Common  Measure. 
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Example. —  To  find  the  l.c.m.  rf\yj\  and  1819. 
The  G.C.M.  of  1391  and  1819  can  be  found  in  the  ordinary 
may  to  be  107. 
By  division  we  see  that 

1391° '07x13 
1819  =  107  >:  17 
And  the  l.c.m.  .'.  =  107  x  13  x  17 
=  23647. 
And  generally,  suppose  A  and  B  are  any  two  numbers  of 
which  c  is  the  g.c.m. 

^'hen  A  contains  c  as  one  factor ;  let  a  contain  the  others,  so 
that  A  =  a  X  f . 

Then  B  contains  c  as  one  factor ;  let  b  contain  the  others,  so 
that  B  =  ^  X  f ;  and  as  there  are  no  factors  common  to  a  and  b, 
the  L.C.M,  =flx^xc,  of  which  a  common  form  is 
dx^xi»xc  .     AB 
e        '  '  '   c' 
H  we  wish  to  find  the  l.cm.  of  three  or  more  numbers 
A.  B.  C,  D, 

we  find  the  l.c.m.  of  A,  B,  say  E, 
then   „    L.C.M.  of  E  and  C,  say  F, 
and    „    L.C.M.  of  F  and  D,  say  Q. 
G  will  be  the  required-  l.c.m.  of  A,  B,  C,  D. 

EXEB0I8ES  LIIL  b. 
Leaat  Ooimiioii  HnlttplB  and  ffirealMt  Common  UeaBure. 

1.  Find  the  Least  Common  Multiple  of 

3»x5'x2'and  35x53x2x7. 

2.  Find  the  Least  Common  Multiple  of 

7'X2"X3,     7x3^x2,     5x11x3s. 

3.  Find  the  Least  Common  Multiple  of 

(rt)  65,  78,  26.  (*)  192,  256  and  600. 

(c)  III,  12,37.  (rf)  4,  14,  18,  24. 

J.M.A.  N 
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4.  Express  as  fractions  with  their  denominators  equal  and  as 

small  as  possible  : 

M  J,  I  i,  I  W  H,  H.  ft,  A-         W  tt.  K,  i.  !■ 

W  A.  ih  (!,  rh-  W  ft. «,  I,  *■ 

5.  Arrange  in  descending  order  of  magnitude  the  following 

fractions  : 

C")  1%,  m,  HI-  i^)u,n,ihii  wm,m,AV 

S.  What  is  the  least  sum  of  money  which  can  be  fiaid  exactly 
with  an  exact  number  of  Horins  and  crowns  ? 

7.  What  is  the  least  distance  that  can  be  measured  exactly  by 
rods  4  ft.  and  6  ft  long  ? 

8.  A  vessel  completely  full  of  water  can  be  emptied  by  filling 
from  it  a  beaker  of  54  c.c.  content,  pouring  the  water  away  from 
the  beaker  and  repeating  the  process.  This  can  also  be  done 
with  a  beaker  of  36  c.c.  content.  Find  the  least  possible  volume  of 
the  vessel. 

9.  A.  fire  hearth  can  be  exactly  covered  by  a  number  of  6  in. 
square  tiles  and  of  8  inch  square  tiles.  What  is  the  least  sized 
hearth  which  will  admit  of  this,  and  how  many  tiles  of  each  size 
will  be  needed  ? 

10.  The  floor  of  a  recess  may  be  covered  by  an  exact  number  of 
bricks  9"  by  3",  or  square  tiles  of  8"  side,  or  slabs  I  ft,  square. 
What  is  the  least  area  which  will  admit  of  this,  and  how  many  of 
each  kind  will  be  required  ? 

Evaluate  the  following : 

11-  A-rV-  !«■  A+A-ft. 

13.  *-S+H.  "•  i+»-!+I-». 

IS.  «-«+!)■  16.  l-J+i-i+i-t- 

17.  How  much  is  the  largest  of  the  following  fractions  greater 
than  the  least,  Jl./i^.^^.iV? 

18.  By  how  much  must  the  larger  of  the  following  fractions  be 
diminished  to  be  equal  to  the  smaller,  Jf  ^i  Vlft ' 


;dbv  Google 


EXERCISES  I9S 

19,  Find  the  least  number  which  is  an  exact  multiple  of  51 

and  of  68. 

20,  A  series  of  numbers  is  such  that  each  number  on  being 
divided  by  6  leaves  a  remainder  1,  on  being  divided  by  8  leaves  a 
remainder  3  ;  show  that  the  numbers  in  the  series  increase  by 
24  ;  find  the  smallest  number  of  the  series. 

21,  A  scale  graduated  in  twelfths  of  an  inch  is  placed  with  its 
edge  against  that  of  another  scale  graduated  in  sixteenths  of  an 
inch.  The  first  graduation  on  each  scale  is  at  its  end,  and  the 
scales  are  both  2  feet  long  ;  where  will  the  graduations  coincide  f 

22.  Find  the  smallest  number  which  has  a  remainder  2  when 
divided  by  126  and  also  by  432. 

23.  Find  the  smallest  number  which  has  a  remainder  3  when 
divided  by  each  of  the  numbers,  75,  24,  40,  15. 

24.  What  is  the  smallest  number  which  when  increased  by  J  is 
divisible  by  28,  36,  63  and  loB  ? 

26.  The  children  of  a  school  may  be  arranged  in  classes  of  24, 
23,  or  1$,  with  none  over.  What  is  the  least  number  of  scholars 
admitting  of  this? 

26.  When  a  hogshead  of  sugar  was  packed  in  2  qr.  packets 
there  were  12  lb.  over,  and  when  packed  into  48  lb.  packets 
there  were  also  12  lb.  over.  Find  the  least  weight  of  sugar  to 
allow  this  being  done. 

27.  What  is  the  least  sum  of  money  which  can  be  paid  using 
one  kind  only  of  any  of  the  present  silver  coins  of  the  kingdom  ? 

28.  A  sum  of  money  is  to  be  arranged  in  piles  containing 
^1.  \2s.  and  so  that  there  i^  a  single  is.  over,  and  nlso  into  piles 
of  £2  and  again  a  single  is.  over.  What  is  the  smallest  amount 
with  which  this  can  be  done  P 

29.  A  number  lies  between  1 500  and  2000 ;  the  number  Is  known 
to  be  exactly  divisible  both  by  103  and  36  ;  find  the  number. 

30.  Find  tbe  smallest  number  lying  between  1000  and  2000 
which  is  divisible  by  35,  112  and  also  by  280. 
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31.  Three  men  in  walking  take  paces  of  32",  30",  and  28" 
respectively.  They  start  together.  What  is  the  smallest  distance 
walked  when  each  man  shall  have  reached  it  by  an  exact  number 
of  paces  ? 

32.  What  is  the  smallest  sum  in  English  money  which  can  be 
paid  either  by  an  exact  number  of  francs  (each  g^rf.)  or  by  an 
exact  number  of  shillings,  and  how  many  francs  would  there  be 
in  this  sum  ? 

33.  Each  of  two  rolling  wheels  has  a  pin  on  its  circumference 
which  strikes  a  bell  as  the  wheel  turns.  Given  that  the  circum- 
ferences are  54  in.  and  198  in.,  and  that  each  pin  strikes  its  bell  at 
the  same  instant  in  starting,  how  many  times  will  the  bells  be 
struck  simultaneously  in  going  a  distance  of  half  a  mile  ? 

34.  On  dividing  740  by  a  certain  number  the  remainder  is  2, 
but  on  dividing  987  by  the  same  number  the  remainder  is  3  ;  find 
the  greatest  value  of  the  number. 

35.  A  number  divides  both  1728  and  1296;  find  the  number, 
knowing  that  it  lies  between  50  and  80. 

36.  A  cubical  block  is  made  up  of  bricks  each  38  cm.  long, 
16  cm.  wide  and  14  cm.  thick,  all  laid  the  same  way ;  find  the 
smallest  possible  number  of  bricks  in  the  block, 

37.  Two  scales  are  placed  with  their  edges  alongside  one 
another.  In  one  of  the  scales  the  divisions  are  O'o;  inch  apart, 
in  the  other  scale  the  divisions  are  0.045  '"^h  apart.  What  is 
the  smallest  distance  between  divisions  exactly  opposite  one 
another  ? 

Definition. — A  number  is  said  to  be  a  perfect  sqiure 
when  it  can  be  split  up  into  two  equal  factors :  thus  49  is  a 
perfect  square,  since  49  =  7  x  7  =  7*  If  the  number  consists 
of  3  equal  factors,  the  number  is  a  perfect  calw,  and  so  on. 

38.  Find  the  smallest  numbers,  the  product  of  which  with 
(a)  1008,  {b)  11035,  W  7936  "''1  b«  a  perfect  square. 
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39.  Find  the  smallest  number  which  is  a  perfect  square,  and 
contains  6336  as  a  factor. 

40.  Find  the  smallest  number  containing  in  the  same  way  as  in 
E«.39,(-)  I7s8,(«)3.2u. 

41.  Find  the  least  number  which  is  a  perfect  cube,  and  which 
contains  (a)  1875  as  a  factor,  also  which  contains  {ff)  -432,  (e)  8575, 
(rf)  7986  as  factors. 

42.  On  dividing  21892  by  12,  by  15,  and  by  35,  the  remainders 
are  6,  7  and  17  respectively.  What  is  the  number  nearest  to 
21892,  and  less  than  it,  which  would  leave  the  same  remainders? 
How  many  numbers  less  than  21892  arc  there  which  would  have 
these  same  remainders? 

43.  What  is  the  greatest  factor  of  2475  which  is  also  a  perfect 

44.  Write  down  a  series  of  numbers,  less  than  50,  each  of  which 
when  divided  by  3  leaves  a  remainder  i  ;  write  down  a  series  of 
numbers,  also  less  than  50,  each  of  which  wlien  divided  by  7  leaves 
a  remainder  6.  Note  the  numbers  common  to  the  two  series,  and 
then  write  down  a  series  formed  by  the  10  smallest  numbers,  such 
that  when  divided  by  3  the  remainder  is  i,  and  when  divided  by  7 
the  remainder  is  6. 


40.  PROPORTION. 

The  principle  involved  is  best  understood  by  considering 
a  number  of  examples. 

Example. — A  grocer  sells  4  lb.  of  tea  for  gs.;  what  will  be 
the  price  of  $  lb.  of  lea  ? 
Here  it  is  clear  that 

(i)  If  no  tea  is  sold  no   money  would  be  received, 
and  if  no  money  be  received  no  tea  would  be  sold. 

(2)  FoieaeA\b.  of  tea  sold,  presumably  the  same  amount 
of  money  would  be  received. 
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We  reason,  therefore,  as  follows  ; 
The  selling  price  of  4  lb.  of  tea  is  gs- 

„  „       I   lb.  of  tea  is  J  the   price  of  4   lb,, 

i.e.  i  of  9^. 

The  selling  price  of  3  lb,  of  tea  is  3  times  the  cost  of  i  lb., 
f.e,  J  of  9^.,  I.e.  6s.  gd.     .'.  3  lb.  of  tea  would  cost  6s.  gd. 
We  should  generally  shorten  the  work  in  practice  as  follows : 
Selling  price  of  4  lb.  is  gs. 

„  „        3  lb.  is  ^  of  gs.,  i.e.  6s.  grf. 

Example. — A  man  buys  \z  cwt.  of  copper  for  £,!,% ;  how  much 
(Quid  he  buy  for  £$6  ? 

Again  we  satisfy  ourselves  that 

(i)  If  no  money  be  paid  no  copper  could  be  obtained, 
and  if  no  copper  be  received  no  money  would  be 
expended 

(z)  For  each  ;£  expended,  the  same  amount  of  copper 
would  be  received  {if  the  amount  of  money  expended  be 
very  large,  this  might  not  lie  the  case). 
We  reason  then  as  before : 
^48  buys  12  cwt.  of  copper. 

£S^     "        Q  ^  I*  cwt.  of  copper,  i.e.  -     ■      cwt,  i.e.  14  cwt 
4°  4 

.'.  ;£$6  is  the  buying  price  of  14  cwt.  of  copper. 

Care  must  be  taken  to  see  if  the  principle  involved  can 
really  be  applied.     Consider  the  following  case  : 

The  distances  through  which  a   body  falls  vertically  from 
rest  are  nearly  as  follows  : 

In  the  first  second,  16  feet 
„        „    2  seconds,  64  feet 
„         „    3  seconds,  144  feet. 
„        „    4  seconds,  256  feet 
Incorrect  results  would  therefore  be  obtained  if,  knowing 
simply  Ihe  distance  fallen  through  in  3  seconds,  we  tried  to 
calculate  the  distance  the  body  would  fall  through  in  other 
times  by  reasoning  as  follows ; 

A  body  falls  through  144  feet  in  3  seconds. 

„  „  I  foot  in  yjy  sec.  or  ^'^  sec. 

„  „  16  feet  in  ^^  k  16,  i.e.  in  i^  sec. 
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According  to  this  calculation,  a  body  falls  i6  feet  in  ^  sec., 
whereas  it  takes  i  sec.  to  fall  that  distance  in  reality. 

The  question  has  to  be  asked,  whether,  to  each  second 
added  to  the  time,  there  corresponds  always  the  same  amount 
to  be  added  to  the  distance,  and  also  if  the  distance  is 
nothing  when  the  time  is  nothing. 

Example. — The  weight  of  a  sheet  of  iron  6  ft.  square  is  4-86 
Ih.;  what  would  be  the  weight  of  a  similar  sheet  Z-^ft.  square? 
Here 

(i)  The  weight  becomes  indefinitely  small  as  the  length 
of  the  side  of  the  square  becomes  indefinitely  small ; 
but  it  cannot  be  said 

(2)  That  each  increase  or  decrease  of  a  foot  in  the 
length  of  the  side  gives  the  same  increase  ot  decrease  in 
the  weight; 
and  .'.  the  weight  of  the  sheet,  3-5  ft.  sq.,  is  not  ^  x  4-87  lb. 
We  could  say,  however,  that 

(2a)  Each  square  foot  increase  or  decrease  in  the  area  ot 
the  sheet  means  the  same  increase  or  decrease  in  the  weight ; 
and  put  the  question  in  this  way  : 

36  sq.  ft.,  i.e.  (6  x  6),  of  the  iron  weigh  4-86  lb. ;  what  will 
be  the  weight  of  12-25  {i.e.  3-5  x  3-5)  sq.  ft.  of  iron? 
36  sq.  ft.  weigh  4-86  lb. 

12-25      1.  »      i^x4'861b. 

=  (12.25)  (0-135)  lb. 
=  1-65375  lb- 

Example.—.^  salesman's   salary  consists  partly  of  a  fixed 
amount  and  partly  of  a  eertain  sum  for  every  jQ  worth  of  goods 
sold.     If  his  salary  be  £i$o  when  he  sells  ;^iooo  worth  of  goods, 
what  will  his  salary  be  when  ^zqqo  worth  of  goods  are  sold? 
Here,  it  cannot  be  said  that 

r.  When    no  goods  are    sold,   no    salary  is   received; 
although  we  can  say, 

2.  For  each  ^^  increase  in  the  value  of  the  goods  sold, 
the  salesman's  salary  increases  by  the  same  amount. 
The  question  cannot,  in  fact,  be  solved  on  the  data  above. 
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Suppose,  however,  we  knew  that  his  salary  was  ;£i8o  when 
the  value  of  the  goods  sold  was  ;£i5oo. 

The  question  could  now  be  put  differently.  If  the  increase  in 
his  salary  be  ^^30  for  ^^500  increase  in  the  value  of  the  goods 
sold,  what  will  be  the  increase  in  his  salary  for  ^1000  increase 
in  the  value  of  the  goods  sold  ? 

Increase  in  goods  sold  to  the  value  ;^Soo  gives  ;Ci°  increase 
of  salary. 

Increase  in  goods  sold  to  the  value  ;^iooo  gives  -^^  x  30 
increase  of  salary,  i.e.  £60. 

His  salary  is  therefore  jC6o  greater  when  he  sells  ^2000 
worth  of  goods  than  when  he  sells  only  ;^iooo  worth,  and 
therefore  is  ^^iio. 


Example. —  Water  consists  of  id  parts  by  weight  of  oxygen 
to  every  z  parts  by  weight  of  hydrogen.  How  much  hydrogen 
can  be  obtained  by  decomposing  12-474  grams  of  water  i 

Here,  out  of  every  {16  +  2)  grams  of  water,  2  grams  are 
hydrogen. 

.'.  out  of  every  1 2-474  grams  of  water  — ^^  x  2  are 
hydrt^en.  '° 

.'.  amount  of  hydrogen  = ^^  gr.  =  1-386  gr. 

Example. — How  much  oxygen  will  be  used  up  in  burning 
3-34  grams  of  cation,  assuming  that  in  the  carbonic  acid  gas 
produced  there  are  1 2  parts  by  weight  of  carbon  to  every  32  parts 
by  weight  of  oxygen  ? 

12  gr.  of  carbon  unite  with  32  gr.  of  oxygen. 
a-34  gr-     .-  »       »        ^  x  3=  6^.  of  oxygen. 

.'.  amount  of  oxygen 

=— ^xjj  grams  =  —^ grams  =  8xo-78  grams 

—  6-24  grams. 
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iPLE. — In  a  Railway  the  working  expenses  fer  mile  per 

•vere  asfoiiows  : 

Maintenance, 


Locomotives  and  carriages, 


Rates  and  duty. 
Miscellaneous, 


390 
233 


If  on  the  line  the  total  working  expenses  for  the  year  were 
£^2\y(i%\,  find  the  expenditure  under  each  of  the  above  heads. 

The  total  working  expenses  per  mile 

=  ;£(«39  + 390+^23  +  49  + 150)  =  J^9Si; 
.'.   out    of    a    total   of  £,^^\    the    'Maintenance'   amounts 
to  ;^'39- 

Out  of  a  total  of  ^219681   the  'Maintenance    amounts 
to^VxT-x  '39^- 

Out  of  a  total  oi  £^2\<^^Z\  the  'Maintenance 

=  23i>';€''39=    -^32109 
So  out  of  a  total  of  ^^219681  the  cost  of 

Locomotives  and  carriages  =  23 1  x  ^390  =  ;^90090 
Traffic  charges  -  -  =23iX;£223=  ^£51513 
Rates  and  duty  -  -  =231  x  ^49=  ^11319 
Miscellaneous  -         -    =231  '<_;£i50=    ;£^346so 

Total  ^219681 


Example. — Four  people  A,  B,  C  and  D  put  ;£30oo,  ^^4500, 
;^2ooo  and  ^^2500  into  a  business  concern ;  the  total  profits 
available  for  division  in  the  ratio  of  the  share  capital  is  X3^°°' 
Find  the  profit  made  1*7  A,  B,  C  and  D. 

Here  on  ;^(3ooo  + 4500 +  2000 +  2500)  the  profit  is  ^^3600; 
■'■  on  ;^30oo  the  profit  is  f^Vffff'*  .^3600  =  j£9°°   =A's  share. 
on£^$oo      „         „    iWtfTF"  jC36=o  =  ^i3So  =  B's     „ 
on  ;4iooo      „         „    ^\o»,\x^36oo  =  ;^6oo    =C's     „ 
on  ;f  2500      „         „    TVA°ii><-£36oo  =  ;£7So   =D's    „ 
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EXERCISES  LIV. 

1.  If  too  kilos,  be  the  French  equivalent  of  230  lb.,  what  will 
be  the  French  equiva.lent  of  55  lb.? 

2.  What  also  is  the  English  equivalent  of  3^0  kilos.? 

3.  If  220  gallons  be  the  same  as  1000  litres,  how  many  litres 
will  there  be  Id  33  gallons  i 

i.    How  many  gallons  will  there  be  in  45  litres  F 

5.  If  a  train  can  describe  38  ft.  in  I  sec,  how  long  will  it  take 
to  describe  I  mile  (5280  ft.)? 

6.  A  train  goes  at  the  rate  of  45  miles  per  hour  ;  how  many  feet 
does  it  describe  per  second  ? 

7.  If  a  train  describes  a  journey  of  125  miles  in  2  hours  and 
10  minutes,  how  long  would  it  (moving  at  the  same  speed)  take 
to  describe  a  journey  of  92  miles? 

8.  A  steamer  moves  at  the  rale  of  300  knots  pter  day  ;  how  many 
hours  will  it  take  to  describe  175  knots? 

9.  The  cost  of  35  oranges  being  2s.  41^,,  how  many  can  be 
bought  for  y.  4</.  ? 

10.  If  a  stream  pours  18,000  cubic  feet  of  water  into  the  sea  in 
tz  minutes,  how  much  will  ii  pour  Into  the  sea  in  35  minutes  ? 

11.  If  4800  cubic  feet  of  coal  gas  cost  12s.,  what  will  be  the  cost 
of  2500  cubic  feet? 

12.  The  weight  of  9  square  feet  of  sheet  lead,  -^  of  an  inch 
thick,  being  300  lb.,  what  will  be  the  weight  of  a  roof  made  of  such 
sheet  lead,  the  area  being  1800  square  feet? 

13.  If  4  lb.  of  tea  cost  6s.  bd.,  how  much  will  1 5  ib.  cost  ? 

11.  How  many  Ib.  of  apples  can  be  bought  for  j^i.  5^.  bd.  if 
13  lb.  cost  \s.  sd.  ? 

15.  If  14  yards  of  cloth  cost  ^2.  Ss.,  what  will  be  the  length 
of  a  piece  of  similar  cloth,  value  ^4  ? 

16.  Assuming  that,  as  a  rough  calculation,  the  price  of  a  sailing 
ship  is  profwrtional  to  its  tonnage,  find  the  value  of  a  ship  of 
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3410  tons   displacement,  if  a  ship  of    1728    tons  displacement 
cost  ;£48oo. 

1(.  If  the  weight  of  a  sheet  of  brass,  3  ft.  long  and  2  A.  broad, 
be  60  lb.,  what  will  be  the  area  of  a  similar  sheet  of  brass  weighing 
1001  lbs.  ? 

18.  If  a  cube  of  iron  of  42  inch  edge  weighs  1 1  tons,  what  will 
be  the  weight  of  a  block  whose  volume  is  a4'5  cubic  feet? 

19.  In  transmitting  power  by  belting,  one  wheel  makes  420 
revolutions  for  every  300  made  by  a  second  ;  how  many  revolutions 
does  the  second  make  while  the  first  makes  280? 

20.  If  84  lb.  of  sugar  could  be  bought  for  1  ss-  2d.,  what  would 
be  the  cost  of  60  lb.  of  sugar? 

21.  How  many  lb.  of  sugar  could  be  bought  for  7s.  7ti.  if  84  lb. 

22.  If  one  million  cubic  inches  of  air  weigh  46-55  lb.,  what  is 
the  weight  of  1  cubic  foot  (1728  cubic  inches)? 

23.  If  one  million  cubic  inches  of  air  weigh  46-55  lb.,  how 
many  cubic  inches  will  weigh  14-4  lb.?  (State  your  answer  to  the 
nearest  hundred.) 

24.  If  the  weight  of  a  piece  of  copper  wire  4000  ft.  long  be 
i30'88  lb.,  what  will  be  the  weight  of  a  piece  of  similar  wire 
izj  ft.  long? 

25.  What  length  of  a  piece  of  wire  similar  to  that  in  Ex.  34  will 
have  a  weight  of  11-452  lb.? 

26.  If  the  cost  of  carrying  a  ship's  load  be  the  same  for  each  ton 
carried,  calculate  the  cost  of  carrying  a  load  of  1440  tons  when  (he 
cost  of  carrying  1800  tons  is  .^2350. 

27.  If  the  wages  paid  to  navvies  for  driving  a  tunnel  be  cal- 
culated at  a  certain  amount  for  each  yard  that  the  tunnel  is 
driven,  what  will  be  the  wages  paid  when  a  length  of  18  yards  is 
driven,  knowing  that  the  wages  paid  for  a  length  of  24  yards  was 
£2;.  v.! 

28.  If  the  cost  of  covering  with  linoleum  the  floor  of  a  room 
t4  feet  square  be  £3.  ly.  61/.,  how  much  will  it  cost  to  cover  the 
floor  of  a  room  16  ft.  square  with  the  same  kind  of  linoleum? 
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29.  If  the  cost  of  painting  a  cubical  block  of  8  ft.  edge  be  izj., 
what  will  be  the  cost  of  painting  a  cubical  block  of  6  ft.  edge  ? 

30.  The  freight  of  a  cargo  being  calculated  according  to  its 
tonnage,  what  is  the  weight  of  a  cargo  whose  freight  is  ;^86o,  if 
a  cargo  of  4200  tons  could  be  sent  for  ^3010? 

31.  If  a  rod  of  iron  4.2  square  inches  in  section  can  sustain 
a  pull  equal  to  the  weight  of  i2i-8  tons,  what  pull  could  a  rod  of 
6  square  inches  sustain  ? 

32.  If  a  steel  wire,  section  ^  of  a  square  inch,  can  just  hold 
a  load  of  3-25  tons  without  breaking,  what  is  the  section  of  a  wire 
which  can  just  hold  a  load  of  z  tons  ? 

33.  If  the  weight  of  25  feet  of  common  lead  piping  of  |  inch 
bore  be  400  lb.,  what  is  the  length  of  a  coil  of  siniilar  piping 
weighing  1  ton? 

34  The  weight  of  an  anchor  and  120  ft.  of  cable  is  2088  lb., 
the  weight  of  the  anchor  and  2 10  ft.  of  cable  is  2898  lb. ;  what  is 
the  weight  of  the  anchor  ? 

35.  A  jug  containing  258  cubic  inches  of  a  liquid  weighs  (with 
contents)  16  lb. ;  if  126  cubic  inches  of  the  liquid  be  poured  away, 
the  weight  is  only  12  lb.  I  oz. ;  what  is  the  weight  of  the  jug? 

36.  If  a  man  can  bore  78  inches  per  day  through  granite  and 
z86  inches  per  day  through  limestone,  what  depth  of  a  hole  could 
a  man  bore  in  granite  during  the  lime  that  he  bores  231  inches  in 
Hmestone  ? 

37.  If  in  a  town  of  2268  people  the  average  daily  consumption 
of  water  is  6000  cubic  feet,  what,  at  the  same  rate,  would  be  the 
average  consumption  in  a  town  of  2079  inhabitants  P 

38.  If  433  lb.  of  water  can  be  changed  into  steam  by  burning 
56  lb.  of  coke,  what  weight  of  coke  must  be  burnt  in  order  to 
evaporate  729  lb.  of  water  ? 

30.  In  producing  coke  from  coal,  [540  lb.  of  coke  are  obtained 
from  2240  lb.  of  coal ;  how  much  coal  must  be  employed  in  the 
production  of  5665  lb.  of  coke  ? 
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EZEBOrSES  LV. 
FnuiUoaL 

\_Apparatus:  Paper.     Compass.     Scales.     Wooden  CylinOers. 
Fine  Thread.     Pins^ 
Ueasnrement  of  Xiengths  of  Curred  Lines. 
L    Draw  a  circle  3  cm.  radius. 

(a)  Set  the  dividers  to  a  distance  of  say  4  cm.  ;  mark  it  round 
as  far  as  it  goes  ;  thus,  from  A  to  B,  B  to  C,  C  t' 
the  remaining  distance  DA,  and  find  out 
the  distance  A,  B,  C,  D,  A.    This  is  clearly 
less  than  the  distance  along  the  circum- 

ifi)  Repeat  the  measurements,  with  the 
dividers  set  to  3  cm.,  2  cm.,  I  cm.,  6  mm., 
5  mm.,  4  ram.,  3  mm. 

Vou  observe  that  the  distance  round 
increases  as  the  distance  to  which  you 
set  the  dividers  decreases,  but  that  when 

the  distance  is  small  all  the  results  become  practically  the  same, 
and  that  a  curved  line  may  be  regarded  as  made  up  of  a  very 
great  number  of  indefinitely  short  straight  lines. 

2.  Measure  with  your  dividers  the  circumferences  of  circles 
with  the  following  radii : 

{a)  3  inches,  z  inches,  i  inch. 

(b)  6  cm.,  s  cm.,  4  cm.,  3  cm.,  2  cm.,  I  cm. 

3.  Repeat  the  measurements  in  Ex.  2,  using  a  fine  piece  of 
thread  instead  of  the  dividers. 

Start  at  any  mark  ;  put  one  end  of  the  thread  upon  it,  previously 
having  knotted  the  thread,  and  hold  it  there  with  the  nail  of  the 
first  finger  of  your  left  hand.  Make  the  thread  coincide  as  nearly 
as  you  can  with  a  small  part  of  the  curve,  and  place  the  nail  of 
the  first  finger  of  your  right  hand  upon  it.  Now  release  your  left- 
hand  finger  and  carefully  place  it  at  the  point  where  your  right- 
hand  finger  is  held  ;  then,  using  your  right  hand,  go  on  to  make 
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some  more  of  the  string  exactly  coincide  with  another  small  length 
of  curve.    Repeat  this  until  you  have  completed  the  whole  curve. 


Fig.  19.— Measursmenl  af  a  curved  line  wilh  lhrea4 

Measure  on  your  scale  the  length  of  thread  from  the  knot  to 

4.  Repeat  the  measurements  of  the  circle  in  Ex.  2  by  sticking  a 
number  of  pins  at  close  intervals  along  the  circle;  wrap  cotton 
round  these  pins,  and  when  the  cotton  overlaps  cut  it;  measure 
the  cut  piece  of  cotton. 

5,  Wrap  a  strip  of  paper  closely  round  a  wooden  cylinder,  and 
malce  a  small  hole  with  a  pin  at  a  place  where  the  paper  overlaps. 
Unroll  the  paper  and  measure  the  distance  round  the  cylinder. 


6.  From  the  results  of  your  measurements,  see  if  the  length  of 
the  circumference  divided  by  the  length  of  the  diameter  is  always 
the  same. 

The  multiple  that  the  circumference  is  of  the  diameter  is 
usually  denoted  by  the  symbol  t. 
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41.   PERCENTAGES. 


Example. — A  particular  kind  of  gun-metal  alloy  is  composed 
of  iQ  per  cent,  tin  and  90  per  cent,  copper.  How  much  tin  is 
there  in  3  tons  of  this  gun  metal  9 

Here,  by  the  term  10  per  cent,  is  meant  10  parts  out  of 
every  100,  so  that  the  amount  of  tin  present  is  10  hundredths 
or  o-io  of  3  tons  =  6  cwt.,  and  similarly  the  amount  of  copper 
present  is  90  hundredths  or  0-90  of  3  tons=  54  cwt,  and  it  is 
clear  that  per  cent,  is  used  after  a  number  to  express  a  fraction. 

Example. — The  profit  made  by  a  tradesman  is  11  per  cent,  on 
the  selling  price.  What  is  the  profit  made  on  goods  sold  for 
£i.  i«.  &/.? 

The  first  part  of  the  question  means  that 
The  profit  =  j^jV  of  the  selling  price 
=  0-15  of  ^5-  '".  f^. 

=  ;£o-8437S=i6r.  lold. 

Example. — A  commission  agent  obtains  a  commission  of 
£1 2.  51.  on  selling  goods  to  the  value  of  jC^5°  ',  ^l  what  rate 
per  cent,  does  he  earn  commission  1 

Here  the  commission  on  ;^rso  is  ;£i2.  5^-  t-e.  ;£i2^. 


.'.  commission  is  earned  at  the  rate  of  8J-  per  cent. 

Example. — Type-metal  is  made  of  varying  composition, 
ranging  from  (a)  I  part  antimony  to  3  parts  lead,  up  to 
{i)  I  part  antimony  to  7  parts  lead.  Express  each  composition 
as  a  percentage  composition. 

Here  we  wish  to  find  the  amounts  of  antimony  and  lead 
respectively  in  each  100  parts  of  alloy. 
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(o)  In  (i  +  3)  parts  of  type-metal  3  parts  are  lead  ; 

in  roo  „         „  3  x  1J2  parts  are  lead, 

=  75 
In  (i  +  3)  parts  of  type-metal  r  part  is  antimony ; 
.*.  in  100  „  „  I  +  i^  parts  are  antimony, 

i.e.  25       „ 
The  composition  of  type-metal  (a)  is  therefore 
75  per  cent,  lead, 
25  per  cent,  antimony. 

(^)  In  100  parts  of  type-metal  x  7  parts  are  lead, 

-87.s'  „         „ 

and  in  „  „        „  — --  x  i  parts  are  antimony,- 

=  '2-S 
The  composition  of  type-metal  {b')  is  therefore 
87-5  per  cent,  lead, 
12-5  per  cent,  antimony. 
N.B. — -The  symbol  %  is  used  to  express  per  cent. 
Example. — A  tradesman  allows  fas  customers  4%  off  their 
bills  when  settled  within  one  month  of  the  purchase  of  the  goods  ; 
a  certain  aistomer  has  4^.  '}\d.  returned  to  him  in  this  way; 
what  was  the  amount  of  his  bill? 

On  a  bill  of  ;^ioo,  the  amount  allowed  off  is  £,^;  the 
bill  is  i^  times  the  amount  allowed  off,  and  in  the  example 
the  bill  IS  J-fS X 4j.  -j^d^^s.  15^.  ^y. 

Example. — By  selling  goods  at  ^^.  \^s.  4./.,  a  tradesman 
experienced  a  loss  0/  12%  on  the  cost  price ;  what  should  he  the 
selling  price,  so  as  to  effect  a  gain  of  16%,  on  the  cost  price  ? 

Suppose   the  goods    had  originally  cost  ^roo:    then   the 
corresponding   selling  price  would   have  been  J^(ioq-  12), 
i.e.  ;£88;  whereas  to  effect  a  gain  of  16%  he  should  have 
sold  at  ^(100-1-16),  i.e-  £116. 
.'.  the  required  price  is  i^^-  times  the  actual  selling  price 

=  -i^^£A-  1 5 J-  4'^> 

=  5l'<.£4-  iS-r-  4^. 

=  20  X  41.  4(/, 

=  £6.  5S.  Hd. 
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EZEBCISES  LVI. 

Where  no  other  data  are  given,  the  ratio  of  the  circumference 
of  a  circle  to  its  diameter  may  be  assumed  as  314  ;  1. 

1.  The  diameter  of  a  halfpenny  is  i  inch,  its  circumference 
is  3'I4  inches  approximately;  what  is  the  circumference  of  a 
penny — its  diameter  being  known  to  be  1-1875  inches? 

2.  The  driving  wheel  of  a  locomotive  is  5  ft.  6  in,  in  diameter  ( 
find  its  circumference,  knowing  that  the  circumference  of  its  trailing 
wheel  is  9-42  fi.  and  the  diameter  3  feet? 

3.  If  a  driving  wheel  makes  336  revolutions  in  a  journey  of 
1-25  miles,  how  many  revolutions  would  the  wheel  make  in  a 
iourney  of  3  miles? 

i.  A  carriage  wheel  is  1-26  metres  in  diameter  and  it  makes 
160  revolutions  per  minute ;  what  is  the  speed  of  the  carriage  in 

6.    One  horse  on  a  round-about  is  at  a  distance  of  12  feet  from 

the  central  axis,  another  horse  is  at  a  distance  of  15  ft.  If  the  inner 
horse  describes  a  distance  of  840  feet  in  a  certain  time,  how  many 
feet  will  the  outer  horse  have  described  in  the  same  time  ? 

6.  One  toothed  wheel  of  2  feet  diameter  drives  another  of 
3  inches  radius ;  the  second  wheel  has  a  third  of  2'  6"  diameter 
mounted  on  the  same  axis,  and  the  third  turns  a  fourth  wheel  of 
3  inches  radius. 

If  a  point  on  the  circumference  of  the  first  wheel  is  moving  at 
the  rate  of  4-4  ft.  per  sec.,  at  what  speed  is  a  tooth  on  the  last 
wheel  moving? 

7.  An  endless  strap  passes  round  two  pulleys,  one  being  of 
2  ft  3  in.  diameter,  the  other  of  7  inches  diameter.  The  large 
pulley  makes  5  revs,  per  second.  What  is  the  speed  of  the  strap 
and  how  many  revolutions  does  the  smaller  pulley  make  in 
28  seconds  ? 

8.  A  cage  is  raised  from  the  bottom  of  a  mine  157  fethoms 
deep  by  means  of  a  cable  and  a  winding  drum  10  feet  in  diameter ; 
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how  many  revolutions  will  the  drum  make  in  raising  the  cage  from 
the  bottom  of  the  mine  to  the  top? 

9.   The  diameter  of  the  earth  being  assumed  to  be  8000  miles, 

find  the  number  of  statute  miles  in  60  geographical  miles  or  knots. 

(60  knots  form  the  jJu  part  of  the  circumference  of  the  equator. 

Assume  the  ratio  of  circumference  to  diameter  to  be  3-141  in  this 

and  the  next  example.) 

10.  Find  the  distance  between  two  points  on  the  parallel  of 
latitude  60°,  but  differing  in  longitude  by  34-3  sees.,  the  radius 
of  the  circle  on  the  earth  at  latitude  60°  being  2000  miles. 

(The  complete  parallel  would  correspond  to  360  x  60  x  60  sees.) 

11.  A  mass  of  wood  16  lb.  in  weight  displaces  0256  cubic  fL 
of  water ;  how  much  water  will  be  displaced  by  a  portion  of  the 
wood  7-3  lb.  in  weight? 

12.  If  the  displacement  of  a  ship  of  3200  tons  be  112000  cubic 
feet,  how  much  less  water  would  be  displaced  if  the  ship  was 
lightened  to  the  extent  of  480  tons  ? 

13.  Chalk  consists  of  56  parts  lime  to  44  parts  carbon  dioxide. 
On  strongly  heating  the  chalk  the  carbon  dioxide  is  evolved 
and  the  lime  remains.  How  much  lime  can  thus  be  obtained 
from  3  tons  of  chalk? 

14.  The  percentage  composition  of  anthracite  coal  is  as  follows  : 

92-56  parts  carbon. 
3-33      „     hydrogen. 
2-53      .1     oxygen. 
1-58      „     ash. 
How  much  pnre  carbon  is  there  m  13  tons  4  cwt.  of  anthracite 

15.  Coal  gas  is  obtained,  together  with  other  products,  by 
distilling  coal.  The  following  is  a  yield  obtained  from  a  ton  of 
Newcastle  coal : 

Coal  gas, 9500  cubic  feet. 

{coke,  -  -  -  1500  lb. 
tar,  -  -  -  70  lb. 
ammoniacal  liquor,      So  lb. 
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How  much  of  such  coal  must  be  treated  when  the  by-products 
weigh  2310  lb.?  Find  also  what  gas,  coke,  and  tar  will  be 
produced. 

16.  Britannia  metal  consists  of  140  parts  by  weight  of  tin,  3  parts 
copper  and  9  parts  of  antimony.  Find  the  amount  of  tin  necessary 
to  make  a  can  of  Britannia  metal,  the  weight  of  the  can  being 
3-337  ''i'o- 

17.  Pure  Epsom  salts,  without  the  water  associated  with  it, 


24  parts  magnesium  -v 
32      „     sulphur         \  by  weight. 
64     „     oxygen         > 
Find  the  amount  of  magnesium  contained   in    I2'3  grams  of 
Epsom  salts. 

18.  Marine  glue  is  made  by  heating  genily  I  part  by  weight  of 
india-rubber  and  ii  of  naphtha,  and  adding  zo  parts  by  weight 
of  pQwdered  shellac.  How  much  naphtha  will  be  required  to  make 
I'S?  lb.  of  marine  glue  ? 

19.  The  receipts  per  mile  per  annum  on  a  Railway  are  made  up 
as  follows :  /■ 

Passengers,  ijii. 
Goods,  1575. 

If  the  total  receipts  be  /351804,  what  are  the  receipts  from 
passengers,  what  from  goods? 

20.  The  cost  of  running  a  locomotive,  per  train  mile,  is  as 
follows :  ^ 

General  charges,     0-4. 

Running  expenses,  5.5. 

Repairs,  etc.,  3-3. 

Find  the  cost  under  each  of  the  above  heads  during  a  period 

when  the  expenditure  altogether  was  .^2300. 

21.  The  subscription  to  the  'Games  Club'  in  a  school  of 
200  boys  is  6s.  td.  per  term,  the  money  being  expended  on  Cricket, 
Football,  and  Athletic  Sports.     If  Cricket  receives  2s.  for  every  <)d. 
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received  by  Football,  and  for  every  6rf.  received  by  Sports,  find 
the  expenditure  under  each  head  per  year? 

22.  Three  persons  have  3  shares,  4  shares,  and  7  shares  re- 
spectively in  a  business  concern,  the  total  number  of  shares  held 
by  other  people  being  42.  The  profits  amount  to  ^1400  ;  what  do 
the  three  persons  severally  receive? 

23.  The  perimeter  of  a  given  triangle  (i.e.  the  total  length  of 
the  three  sides)  is  49  inches,  the  triangle  being  of  the  same  shape 
as  another  triangle  whose  sides  are  17-22  inches,  I7'9i  inches 
and  8'62  inches  respectively ;  what  are  the  lengths  of  the  sides 
of  the  given  triangle  ? 

24.  The  gold  coinage  of  this  country  is  22  carats  fine,  i>.  contains 
22  parts  of  pure  gold  and  2  parts  alloy.  If  the  weight  of  a 
sovereign  be  123-274  grains,  what  weight  of  pure  gold  was  required 
for  the  coinage  of  7500700  sovereigns  ? 

25.  The  rateable  values  of  three  adjoining  parishes  are  severally 
^15.345-  10s.,  ^18,924.  loi.  and  ^13,330-  A  rate  of  ^2425  is  made 
upoT  them.     What  proportion  has  each  parish  to  contribute  ? 

26.  Three  towns  have  respectively  14,001, 1 1,628  and  4845  males 
capable  of  serving  as  soldiers.  A  company  of  482  men  has  to  be 
raised  from  the  three  towns.  Apportion  the  number  of  men  to  be 
found  by  each  town. 

27.  A,  B,  C  and  D  join  to  buy  a  ship  valued  at  £7400.  A  takes 
9  shares,  B  11  shares,  C  17  shares  and  D  27  shares.  Apportion 
the  purchase  money  between  them. 

28.  Two  farmers  rent  a  meadow  for  £2.  151.  i  one  puts  in  37 
cattle  and  the  other  43.     What  amount  of  rent  should  each  pay .' 

29.  A  specimen  of  brass  consists  of  13  parts  of  tin  to  every 
1 12  parts  of  copper.     Find  its  percentage  composition. 

30.  The  percentage  composition  of  a  mortar  is  as  follows  : 

67-5  river  sand. 
loO'O  mortar. 
How  much  sand  is  there  in  4  ton  3  cwt.  of  the  mortar? 
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31.  Find  the  amount  per  cent,  of  nitio-glycerine  in  dynamite 
consisting  of  73  parts  niCro- glycerine,  2  parts  coal  dust  and  290 
parts  of  clay, 

32.  Standard  gold  consists  of  22  parts  of  pure  gold  10  2  parts  of 
copper.  Find  the  percentage  composition  of  standard  gold,  i.e. 
find,  out  of  every  100  parts  of  standard  gold,  how  much  pure  gold 
there  will  be  and  how  much  copper.  (State  the  answer  true  to  the 
second  decimal  place.) 

33.  Tough  brass,  suitable  for  engine  work,  is  made  by  alloying 
t(^ether  15  parts  of  tin,  too  parts  of  copper  and  15  parts  of  zinc. 
Find  the  percentage  composition  of  the  brass. 

34.  Pewter  consists  of  100  parts  of  tin  and  17  parts  of 
antimony.     Find  its  percentage  composition. 

35.  Blue  vitriol,  or  sulphate  of  copper,  is  a  chemical  compound, 
made  up  of  63  parts  copper,  32  parts  sulphur,  64  pans  oxygen. 
Find  its  percentage  com  position. 

36.  'Stone  lime'  is  made  up  of  1  bushel  of  lime  to  3  of  sand 
and  1-5  bushels  of  water.     Find  its  percentage  composition  by 

37.  Average  limestone  consists  of  112  grs.  of  carbonate  of  lime 
to  9  of  clay  and  29  of  sand.  Find  its  percentage  composition. 
Find  out  also  how  much  pure  carbonate  of  lime  could  be  obtained 
from  30  ton  5  cwt.  of  limestone. 

38.  Dynamite  used  for  blasting  is  made  up  of  287  parts  of  clay, 
2  parts  of  coal  dust  and  75  parts  of  nitro-glycerine.  Find  its  per- 
centage composition.  What  weight  of  nitro-glycerine  will  there  be 
in  32.2  kilo,  of  dynamite? 

39.  Find  the  percentage  composition  of  ordinary  caustic  soda 

23  parts  by  weight  of  sodium. 
16  parts  by  weight  of  oxygen. 
1  part  by  weight  of  hydrogen, 

40.  The  copper  ore  generally  employed  in  smelling  consists  of 
about  30%  iron  and  13%  of  copper.  How  much  copper  could 
be  obtained  by  smelting  14  tons  of  the  ore? 
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41>  A  man  buys  a  horse  at  a  foir,  selliog  it  again  later  for  £24, 
thereby  making  a  profit  of  10%  on  tbe  buying  price.  What  did 
he  pay  for  the  horse  ? 

42.  If  by  selling  goods  at  a  profit  of  8  %  on  the  buying  price, 
a  tradesman  makes  a  profit  of  ^3.  dr.  &/.,  what  was  the  buying 
price  of  the  goods  ? 

43.  Express  as  convenient  vulgar  fractions  the  following  per- 
centages:  3j%,    33i%,    25%,    i2j%. 

44.  What  percentages  are  the  equivalents  of  the  following  vulgar 
fractions:  J,    J,  ^,    ^,    J,    J? 

45.  Most  rocks  are  porous  and  can  absorb  water.  The  following 
table  gives  data  as  to  this  property  for  a  number  of  rocks. 
Supply  the  figures  which  are  missing  in  the  table  (true  to  3  signi- 
ficant figures). 


Geological  Fomuuion. 

Locaiilr. 

Vol.  of  water 
at«riKd  by  100 
YoLorroct 

Gallons  of  Mltr 

absorbed  per  cub. 

ft.ofri«k. 

Old  Red  Sandstone 
Limestone      -         ■ 

Bristol 
Clifton        - 
Cheltenham 

1030 

35-29 

0.642 

46.    Complete  the  following  table : 
Table  of  Crimes  and  Offences  in  Counties  i 


c™,. 

cS-J-fe 

Number  per  icoo. 

Bedford      - 
Berks 
Bucks 
Cambridge  - 

149,000 
218,000 

176,000 
185,000 

94 

86 
S6 

047 

47.   A  very  rich  kind  of  limestone  contains  95-89  %  of  carbonate 
of  lime;  assuming  that  in  burning  this  limestone  into  lime  56% 
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of  the  carbonate  yields  lime,  what  quantity  of  this  limestone  is 
required  to  yield  i  ton  of  lime? 

48.  The  wages  of  mechanics  in  a  district  are  reduced  from  an 
average  of  £2.  Ss.  gd.  per  week  to  £2.  %s.  dd.  After  a  time  they 
have  an  advance  of  7J  %  on  their  later  wages.  Find  the  reduction 
per  cent,  in  the  first  instance,  and  the  average  weekly  wages  in  the 
second  case. 

49.  By  selling  a  book  for  y.  9rf.,  ten  per  cent,  of  the  cost  is  loss  ; 
at  what  price  should  it  be  sold  to  make  a  gain  of  10  %  ? 

50.  A  certain  publishing  firm  gives  a  discount  of  33J  %  off  the 
published  price,  counts  25  books  as  24,  and  gives  a  further  dis- 
count of  2^  %  on  the  reduced  price.  What  does  the  publisher  get 
for  a  book  the  published  price  of  which  is  161.  ? 

51.  A  market  woman  buys  2oo  eggs  at  five  for  threepence  and 
an  equal  number  at  eight  for  sixpence.  She  sells  the  whole  at  a 
uniform  price  and  gains  33J  %  on  her  outlay.  What  is  the  selling 
price  per  score  f 

52.  A  house  was  sold  for  ^560,  and  thereby  a  loss  of  9  per  cent, 
was  made.  If  it  had  been  sold  for  ^650,  what  would  then  have 
been  the  loss  or  gain  per  cent,  ? 

63.  A  trading  concern  in  i  yr.  made  a  profit  of  £1875  on  a  turn- 
over of  £23,500  ;  in  the  and  year  a  loss  of  £710  was  sustained  on 
a  turnover  of  £22,360  ;  while  in  the  3rd  year  a  profit  of  £935  was 
made  on  a  turnover  of  £2^,1^.  What  was  the  average  profit 
per  cent,  on  the  3  years'  turnover? 

54.  A  mass  of  ore  of  3  ton  2  cwt.  2  qr.  loses  weight  during 
smelting  to  the  extent  of  1 7  cwt.    Express  the  loss  as  a  percentage. 

55.  If,  when  goods  are  sold  at  £26.  7s.,  a  profit  of  24  %  is  made 
on  the  buying  price,  what  did  the  goods  cost.' 

56.  What  is  the  cost  price  of  goods  on  which,  when  sold  at 
^3.  8.t.  gain,  a  profit  is  made  of  15  %  on  the  selling  price  ? 

57.  The  population  of  a  town  increases  in  two  years  from  23,280 
to  23,862  ;  find  the  gain  %  during  that  t'me. 
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68.  In  calculating  the  area  of  a  rectangle,  the  real  length  of 
which  is  47  ft.  3  in.  and  breadth  28  ft.  7  in.,  the  computer  writes 
49  ft.  6  in.  instead  of  47  ft.  3  in. ;  what  percentage  error  does  he 

59.  A  merchant  allows  a  customer  S  %  discount  on  a  bill,  and 
receives  a  net  amount  ^182.  17J.  dd.  ;  what  was  the  bill  ? 

60.  Eight  trams  contain  7  tons  5  cwt.  of  coal  from  a  seam  A. 
When  the  coal  is  screened  it  yields  3  tons  5  cwt.  1  qr.  of  large 
coal  ;  and  an  equal  weight  from  a  seam  B  when  similarly 
screened  yields  4  tons  14  Cwt.  1  qr.  of  small.  Compare  the  per- 
centages of  large  coal  in  each  seam. 

61.  A  man,  whose  gross  income  is  ;^300,  pays  income  tax  at  \s. 
in  the  ^  on  the  excess  of  his  income  over  ^160  ;  what  percentage 
is  the  amount  paid  of  his  gross  income  ? 

62.  A  rod  of  brass  is  425  cm.  long  at  15°  C,  and  at  100°  C.  its 
length  is  425065025  cm.  ;  find  the  percentage  gain  in  length. 

63.  35  %  of  an  estate  of  2  sq.  miles  24  ac.  is  set  apart  for 
building  purposes  ;  how  much  is  left  ? 

64.  The  value  of  land  near  a  town  increases  by  33J  %  during  a 
certain  period.  Find  the  increase  in  the  value  of  an  estate  of 
660  acres,  originally  worth  ^45  an  acre. 

65.  When  a  meial  is  cast  in  a  mould  the  portion  of  the  casting 
near  the  surface  has  generally  to  be  chiselled  off.  If  an  amount  of 
4800  gr.  is  removed  in  this  way,  and  tlie  remaining  portion  be 
200  kilo.,  what  percentage  of  the  original  casting  has  been  taken 

EZESOISES  LVHa. 
Onplilc. 

\Apparatus  :  Scales.    Mathematical  Instruments. 

Squared  Paper."] 

1.    On  the  squared  centimetre  paper  mark  off  two  straight  lines 

at  righi  angles  to  one  another,  letter  them  Ox  and  Oy  {Fig.  31),  O 

being  at  the  meeting  place  of  the  lines. 
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Along  Ox  s 


T  a  distance  0N  = 


At  the  end  of  each  en 

N,,  Nj,  Nj,  eic,  draw 

the     verticals      NiP,, 

NjPj,     NjP,,...,    etc., 

and  test  the    lengths 

with  regard  to  the  two 

fundamental  relations. 

I.  Do  ihey  alter 

by  equal  amounts 

as    the    horiTonial 


n  ON,  starting  from  O,  say  at  the  points 


;s  ON,, 


alter    by    constant 

3.  Do  they  be- 
come indefinitely 
small  as  ON,,  etc., 
become  indefinitely  Fic.  31. 

Test  also  OP  with  regard  to  ON,  and  OP  with  regard  to  NP. 

2.  Draw  a  number  of  other  lines  and  test  in  the  same  way. 

3.  Obtain  points  P„  Pj,  ...as  before  by  setting  off  ON,,  ONj, 
ON3,  etc.,  along  Ox,  and  N,P,,  NjPj,  etc.,  parallel  to  Oy,  where 
ON,,  eic,  and  N,P|,  etc.,  are  given  by  the  following  tables  (values 
given  in  cm.).    Join  the  points  P,,  Pj,  etc. 


ON, 

N,Pi 

ON3 

N.P. 

ON, 

N,,P, 

ON, 

N,P, 

ON, 

N,Ps 

ON, 

N-P. 

■ 

,■2 

2 

2-4 

3 

3-6 

4 

4-8 

S 

6 

6 

7-2 

08 

0.7 

1-6 

1-4 

24 

2.1 

32 

2-8 

4 

3-5 

4-8 

4-^ 

0.4 

I 

08 

I 

M 

3 

i< 

4 

20 

5 

2.4 

6 

1-2 

06 

^ 

. 

2.8 

14 

3-6 

1-8 

4.4 

2-2 

5'2 

2-6 

equal 


:ice  that  N,P,,  etc.,  increase  by  equal 

n  ON,,  etc.,  and  that  they  vanish  together. 
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i.  Obtain  points  representing  pairs  of  quantises,  where,  although 
equal  increases  occur  in  one  for  equal  increases  in  the  Other,  they 
do  not  vanish  together. 


ON, 

N,P, 

ON, 

N,P, 

ON3 

N,P. 

ON, 

N,P. 

ON. 

N.P. 

ON, 

N.P, 

o 

2-2 

I 

4 

2 

S-8 

3 

7-6 

4 

9-4 

5 

n-^ 

o 

06 

I 

.-2 

* 

1-8 

3 

1-4 

4 

30 

S 

3-6 

^ 

' 

3 

1-4 

4 

1.8 

5 

2Z 

6 

2-6 

7 

3 

• 

- 

- 

3 

3 

4 

4 

5 

5 

6 

6 

7 

8,  Obtain  points  where  the  quantities  concerned  a.^  ..vt  =u 
related  that  equal  changes  in  the  one  correspond  to  equal  changes 
in  the  other. 


ON, 

N,P, 

ON, 

N,Ps 

ON, 

N.P, 

ON, 

N,P. 

ON. 

N,P. 

ON. 

N,P, 

0 

0 

1 

CI 

^ 

0-8 

3 

1-8 

4 

3-2 

^ 

5 

0 

0 

0-3 

2 

..2 

3 

3-7 

4 

48 

S 

75 

° 

0 

o-S 

oi 

■ 

16 

:.2 

5-4 

' 

isS 

EXERCISES  LTILb. 

1.  If  the  rail  of  a  railroad  remains  straight,  and  if  in  moving 
along  it  for  a  distance  of  460  yards  horizontally,  a  vertical  rise  of 
2'3  ft.  is  experienced,  after  what  horizontal  distance  will  the  rise  be 
3  ft-? 

2.  In  di'iving  a  slant  of  440  yds.  through  a  seam  of  coal,  there 
is  a  uniform  dip  of  45  inches  in  each  yard.  How  much  lower  is 
the  bottom  of  the  slant  than  ihe  top? 

3.  If  the  rise  in  a  straight  railroad  be  t  vertical  in  114  hori- 
zontal, what  vertical  rise  will  occur  in  a  horizontal  displacement  of 
3249ft-? 
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i.  A  yacht  makes  a  straight  tack  in  a  certain  direction,  and 
afterwards  finds  it  has  moved  4-08  miles  to  the  east  and  3-89  miles 
to  the  north.  How  much  further  north  will  it  have  gone  when  it 
is  11-73  to  the  east  of  its  original  position — the  same  tack  being 
pursued  all  the  time? 

5.  A  yacht  sails  for  $22  miles  along  a  tack,  making  3'i  miles 
east  for  every  4-65  miles  measured  in  the  direction  of  the  tack; 
it  then  changes  its  course,  now  making  3  miles  west  for  every 
8  miles  along  Che  new  course  ;  after  pursuing  this  new  tack  for 
5'8  miles,  how  far  will  it  have  moved  east  of  iis  original  position  ? 

6.  A  road  rises  at  the  tale  of  12-32  yards  for  each  mile  of  road 
for  a  distapce  of  872  yards  from  a  place  A ;  the  inclination  then 
increases  to  23-6  yards  per  mile  until  B  is  arrived  at,  distant  1  mile 
91  yards  hrom  A,  measured  along  the  road.  How  much  higher  is 
B  than  A? 

7.  After  going  down  the  'incline'  in  a  mine  for  183  yards,  a 
point  is  reached  43-26  yards  below  the  surface.  The  total  length 
of  the  incline  is  280-6  yards.  What  is  the  depth  of  the  bottom 
of  the  incline  below  the  surface  ? 

8.  A  ladder  consists  of  40  steps,  each  32  cm.  apart.  One  end 
of  it  rests  on  the  ground,  the  other  against  a  wall  at  the  height  of 
9-32  metres.  A  man  ascends  the  ladder  ;  how  high  will  he  be 
when  he  has  gone  up  28  steps? 

9.  When  a  pile  of  dry  sand  is  made,  the  sand  begins  to  slip 
once  the  steepness  is  greater  than  that  corresponding  to  a  rise  of 
71-4  cm.  for  each  horizontal  distance  of  91  cm.  ■  Find  the  greatest 
height  of  a  sand  castle  (without  patting),  the  base  of  which  is 
213-2  cm.  in  diameter. 

10.  A  wall  is  8-262  feet  high.  Dry  sand  is  thrown  against  it 
until  it  forms  a  slope  just  reaching  to  the  top  of  the  wall.  Find 
the  least  distance  of  the  bottom  of  the  slope  from  the  wall.  (Data 
as  in  Exercise  9.) 
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Scale  Drawing. 

Very  few  objects  can  be  drawn  of  exactly  the  actual  size  ;  they 
have  to  be  shown  either  reduced  or  enlarged  to  a  certain  scale. 

Thus,  a  large  scale  Ordnance  Map  may  be  drawn  to  a  scale 
of  6  inches  to  the  mile,  where  a  real  distance  of  i  mile  is 
represented  by  a  distance  of  6  inches  on  the  map,  A  map 
of  England  may  be  shown  to  a  scale  of  loo  miles  to  the  inch. 
The  fraction  that  the  distance  on  the  map  is  of  the  distance 
it  represents  is  known  as  the  Representative  Fraction,  and 
is  frequently  represented  by  the  letters  R.f.  A  scale  6 
inches  to  the  mile  could  therefore  be  called  a  scale  where 
R.F.  =  6/63360,  i.e.  R.F.  =  1/10560. 

Example. — T^  real  distance  between  two  towns— we  may  call 
them  A  and  B — is  known  to  be  232  miles  ;  on  a  map  they  appear 
to  be  3-16  inches  apart.  C  and  D,  two  other  towns,  appear  to  be 
4'74  inches  apart  on  the  map.  What  is  the  real  distance  between 
C  andDf 

A  distance  of  3-16'  on  the  map  represents  an  actual  distance 
of  232  miles. 

.'.  a  distance  of  4-74"  on  the  map  represents  an  actual 


=  £llli  miles 

=  348  miles. 
The  distance  from  C  to  D  is  therefore  348  miles. 

Example. — Find  the  Representative  Fraction  on  a  map  where 

a  distance  of  7  fiir.  8  ck.  is  represented  by  a  line  5  ■  1 48  inches  long. 

Here  7  fur.  8  ch.  =  78  ch.  =  78  x  ai  yds.  =  78  x  32  x  36  inches. 

The  fraction  which  represents  the  ratio  of  the  distance  on 

the  map  to  the  actual  length  represented  is  : 

5-148       ^     5-J48     ^      I 

78x22x36     12x5148     12000' 

In  other  words,  the  r.f.  =  i/iaooo. 


;dbv  Google 


SCALE   DRAWING  331 

Example. — A  scale  is  constructed  of  6  inches  to  the  mile  ;  a 
comparative  scale  of  kilometres  has  also  to  be  constmcted.  Wfiat 
would  be  the  length  of  line  on  the  new  scale  which  represents  a 

distance  of  2-^1  kilometres  f 

By  a  Comparative  Scale,  with  regard  to  a  given  scale,  is 
meant  one  with  the  same  Representative  Fraction  but  in  which 
different  units  are  employed  ;  and  therefore,  by  using  the  two 
scales,  a  distance  may  be  read  off  in  different  units,  say  in 
miles  or  in  kilometres,  etc. 
A  scale  of  6  in,  to  the  mile  has  jal6a  for  its  r.f.  (p.  220). 
A  new  scale  is  required  by  means  of  which  distances  can 
be  read  off,  not  in  miles  but  in  kilometres. 

Since  the  R.F.  is  still  yj^ju,  a  distance  of  2-31  kilometres  is 
represented  by 

6      , .,  2ti  X  looox  100 

2-31  X  >  ■  ■>—  kilometre  =  -       - — 2 cm. 

■*      63360  10560 

=-^^  cm. 

1-056 
=  21-875  *^"'- 

Example. — In  testing  the  magnifying  power  of  a  lens,  it  is 
found  that  6  divisions  on  a  millimetre  scale  appear  enlarged  and 
to  coincide  with  divisions  on  a  centimetre  scale  5-6  cm.  apart. 
IVfiat  is  the  real  radius  of  a  circle  which  appears  to  be  of  \  -36 
inches  radius  ? 

Here  the  lens  magnilies  Sl_  times, 

or  the  magnification  is         51^  diameters. 

The  apparent  radius  =  The  real  radius  multiplied  by  the 

magnification. 

The  real  radius  of  the  circle,  therefore,  is  i  -26  x  — ^  inch 
5-6 

=  — ^-  inches 

=■'     ,, 

—  0-135  i^^"- 
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EXEBCISEB  LVUI. 
Practical 

[Apparaltu:  Mathematical  Instruments.     Sguared  Paper."} 
1.    In  the  accompanying  plan  of  a  room  the  real  distance  between 
le  points  H,  M  is  33  feet  9  inches.     Measure  off  the  distance  oa 


the  plan  between  the  points  H,  M,  and  then,  measuring  also  the  dis- 
tances on  the  plan  between  the  points  mentioned  below,  calculate 
by  proportion  the  real  distance  between  them. 

(a)  A  to  B,         (i)  C  to  D,         (c)  L  to  M,         (d)  K  to  M, 

(e)  PtoR,        {/)  PtoQ,       U)  Rtoa 

2.  Draw  a  new  plan  in  which  HM  is  represented  by  a  line 
3  inches  long,  the  other  lines  being  altered  in  proportion. 

3.  The  accompanying  map  (Fig.  33)  is  without  a  scale,  but  it  is 
known  that  the  distance  from  Stockton  to  Doncaster  is  61  miles. 
Construct  a  diagonal  scale  for  use  with  the  map  ;  use  it  to  find 
the  distances  between  (a)  York  and  Lincoln,  (6)  Doncaster  and 
Skegness,  (c)  Sheffield  and  Scarboro. 

4.  The  distance  from  London  to  Exeter  is  150  miles;  find,  by 
means  of  measurements  on  the  accompanying  map  (Fig.  34),  the 
distance  from  London  to  (a)  Bristol,  (i)  Reading,  (c)  Gloucester, 
{d)  Birmingham,  (e)  Norwich,  (/)  Derby,  (g)  Northampton. 
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S.  The  sea  passage  from  Newhaven  to  Dieppe  is  75  miles ;  find 
the  length  of  the  passage  from  (a)  Dover  to  Calais,  (6)  Folkestone 
to  Boulogne. 


EXERCISES  LIZ. 
HlBoeUuieoiu. 

1.  Define  a  prime  number.  When  are  numbers  said  to  be 
prime  to  one  another?  Write  down  all  the  prime  numbers  below 
60.     Find  the  prime  factors  of  14348907, 

2.  If  a  man  pays  £14.  13s.  $d.  as  income  lax  at  yd.  in  the  £, 
what  is  his  full  income  before  paying  the  tax? 

3.  Find  the  cost  of  4217  articles  at  8j.  S*/.  each. 

4.  Subtract  \i  of  ^16.  2s.  4rf.  from  00125  of  .£1626.  15*.,  and 
find  by  what  decimal  the  result  must  be  multiplied  to  produce 
£i.(^.  i\d. 
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5.  £n,  lis.  gd.  is  pa*d  for  a  piece  of  work  done  by  A,  B  and  C. 
A  has  worked  42  houts,  B  77  hours  and  C  48  hours.  If  C  does  in 
2  hours  as  much  as  A  or  B  does  in  3  hours,  what  should  each  man 
receive  ? 

6.  Convert  J||  into  a  decimal  (5  places),  and  000003125  into 
a  vulgar  fraction. 

7.  What  fraction,  the  denominator  of  which  is  580,  equals  j  F 

8.  A  rectangular  block  of  stone  is  5  yds.  7  in,  long,  12  ft.  6  in, 
broad  and  3  ft,  9  in,   thick.     Find  how  many  cubic  inches  it 


9.  What  weight  must  be  added  to  |  of  |  of  half  a  cwL  to  make 
it  equal  to  ^  of  3J  quarters  avoirdupois  ? 

10.  Gunpowder  is  composed  of  ^  sulphur,  ^  charcoal,  J  nitre 
by  weight.  How  many  lbs.  of  each  will  be  required  to  make 
ij  tons  of  gunpowder? 

11.  The  sum  of  three  fractions  is  J.  The  first  is  ^  and  the 
second  is  g.    What  is  the  third  F 

12.  How  much  is  (a)  isl+S  "^  7i  i  W  08125  of  2  tons  4  cwt. ; 
(c)78-i25X4096F 

13.  If  3  fires  bum  65  cwt.  of  coal  in  26  days,  in  how  many  days 
will  the  lites  bum  4  tons? 

14.  The  population  of  a  town  fell  from  9600  in  1881  to  8544  in 
1891  ;  how  much  per  cent,  was  the  decrease  ? 

15.  Of  21  tons  s  cwt.  of  coal,  19  per  cent,  is  wasted-  What 
weight  is  wasted  F 

16.  Asumof  money  was  divided  among  3  men.  If  the  first  had  ], 
the  second  J  and  the  third  381.,  what  did  the  money  amount  to  ? 

17.  What  is  a  prime  number.  Give  one  example  to  show  that 
two  numbers  which  are  prime  to  each  other  are  not  necessarily 
prime  numbers. 

Resolve  17424  '"to  prime  factors,  and  hence  (or  otherwise)  find 
the  side  of  a  square  field  which  contains  3  acres  2904  square 
yards,  and  reduce  it  to  the  decimal  of  a  mile. 

J.M.A.  P 


vj  by  Google 


336  A   MODERN   ARITHMETIC 

18.  What  is  the  value  of  3  lb.  7  oz.*  5  dwt.  6  gre.  of  silv«r  at 
3^.  4^/.  per  oz.  7 

19.  Find  the  lowest  whole  number  which  will  convert  0-02369 
into  a  finite  decimal,  by  subtracting  the  decimal  from  one  a  hundred 
times  as  great  and  studying  the  result. 

20.  If  a  person  who  invests  ^9000  obtains  4  per  cent,  per 
annum  on  two-thirds  of  it  and  5  per  cent,  per  annum  on  the  rest, 
what  income  do  the  investments  yield  him,  and  what  percentage 
does  he  obtain  for  bis  money  ? 


21.    Find  the  value  of  0-384375  of  £5. 

23.  (>z)  How  much  must  I  add  to  i^  to  make  2f^7  and 
(*)  find  a  simple  fraction  which  is  equal  to  -  ^^VA 

24.  A  can  dig  a  garden  in  4^  days,  while  B  can  dig  the  sanie 
in  6  days.  How  long  will  A  and  B  together  take  to  dig  half  the 
garden  ? 

25.  A  man  buys  87  horses  for  j^i74o.  He  sells  25  at  7  percent. 
profit  on  the  cost  price,  and  40  at  12-^  per  cent,  profit;  he  loses 
3  by  disease,  and  sells  the  rest  at  cost  price.  How  much  does 
he  gain  ? 

26.  If  40  men  earn  £3$.  Bs.  in  8  days,  how  many  men  will,  at 

the  same  rate  of  wage,  earn  ^40,  191.  in  8  days  i" 

27.  At  an  election  a  candidate  polled  6^  per  cent,  less  than  his 
opponent,  who  obtained  2160  voles  ;  how  many  votes  were  given 
for  the  unsuccessful  candidate? 

28.  What  is  the  debt,  71  percent,  of  which  is  ^301.  15J.  ? 

29.  If  a  cubic  foot  contains  6j  gallons,  how  many  gallons  of 
water  arc  there  on  a  field  of  2^  acres,  when  it  is  flooded  to  a 
uniform  depth  of  an  inch  .■' 
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3D.  The  carriage  of  iS  cnt.  3  qrs.  for  a  disiance  of  14  mis.  2  fur. 
>  £,9-  What  should  the  carriage  of  5  tons  for  19  mis. 
at  the  same  rate.'  1.    .     ■ 


31.  Take  the  sum  of  af  and  ^  from  the  sum  of  6,  4?  and  A- 

32.  A  man's  income  is  ;^4S9.  ijs.  td.  per  year,  and  of  this  he 
saves  .£15-  6j-  jd.;  what  percentage  of  his  income  is  thisf 

33.  Find  all  the  prime  numbers  that  divide  both  1287  and  1 144 
without  any  remainders. 

34.  A  tradesman  marks  his  goods  20  per  cent,  above  cost  price, 
but  makes  a  reduction  of  10  per  cent,  on  the  marked  price  for 
ready  money ;  what  is  his  gain  per  cent,  on  ready  money  trans- 

35. .  A  and  B  ride  a  race  of  31  miles  on  bicycles.  The  driving 
wheel  of  A's  machine  makes  3410  revolutions  per  hour,  and  has  a 
circumference  of  168  inches  ;  that  of  B  makes  ^^20  revolutions  per 
hour,  and  has  a  circumference  of  i6z  inches  :  which  will  win,  and 
by  how  much  ? 

36.  If  a  person  who  invests  .£5000  obtains  4^  per  cent,  per 
annum  on  three-fourths  of  it,  and  ^  per  cent,  per  annum  on  the 
rest,  what  income  do  the  investments  yield  him  ? 

37.  If  i6j  tons  of  coal,  bought  for  £7.  51.  2d.,  are  carried  324 
miles  at  a  further  charge  fif\d.  per  ton  per  mile,  what  is  the  total 
cost  of  the'  co^  per  ton  to  the  purchaser  ?  • 

38.  Find  the  value  of  0-062;  of  ^i.  ^s.-^ooi^  of  5  guineas 
-(- 1-125  of  'ciF-  81/.,  then  reduce  the  sum  to  the  fraction  of  ^3. +1.  dd. 

39.  A,  B  and  C  rent  a  field  between  them  for  ^20.  los.  A  puts 
in  25  sheep  for  8  months,  B  24  sheep  for  9  months  and  C  40  sheep 
for  6  months.     How  much  should  each  have  to  pay  ? 

40.  One  gailon  of  spirit  which  contains  1 1  per  cent,  of  water  is 
added  to  3  gallons  containing  7  per  cent,  of  water,  and  to  this 
mixture  half  a  gallon  of  water  is  added.  Find  the  percentage  of 
water  in 
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41,    Fiod  (by  fractioos)  a  number  such  that,  if  one  fwcnty-ninth 
part  of  it  be  taken  away,  the  remainder  is  377. 
12.   Add  together  £sli  and  i3iV- 

43.  Find  the  square  root  of  the  least  integer  that  is  a  common 
multiple  of  i|8f,  23}J,  and  i-^g. 

44.  A  watch  is  offered  for  sale  at  £$.  i^s.  od. ;  and,  if  that 
price  is  reduced  by  5  per  cent.,  the  dealer  who  is  selling  it  will 
still  make  9^  per  cent,  profit  on  the  cost  price  ;  how  much  did  the 
watch  cost  him  ? 

45.  If  to  every  quart  of  milk  a  milkman  adds  half-a-pint  of 
water,  and  if  he  sells  the  mixture  at  the  same  price  per  qttart  as  he 
gave  for  the  milk  alone,  what  is  his  profit  per  cent.? 

46.  Explain  the  meaning  of  a  prime  factor. 

Write  down  all  the  prime  factors  common  to  3003  and  8778. 

47.  Divide  (by  decimals)  72  thousandths  by  25,  and  also  by 
nine  ten-thousandths. 

48.  Taking  the  values  of  zinc  and  copper  to  be  £iy.  14;.  od, 
and  ^73.  15^.  od.  per  ton  respectively,  tind  how  much  of  each  metal 
there  will  be  in  a  mass  compounded  of  the  two,  which  weighs 
14  cwt,  and  is  worth  £23.  12s.  od.  ? 

49.  A  man  loses  30  per  cent,  of  his  property  and  has  ^1400  left  ; 
how  much  had  he  at  first? 

80.  Explain  the  rule  for  finding  the  Least  Common  Multiple. 
Find  the  smallest 'sum  of  which  14s.  yd,  £1.  lu.  6rf.  and 
£2.  1 5 J.  arc  exact  parts. 

81.  Eight  bells,  which  toll  at  intervals  of  i,  2,  3,  4,  5,  6,  7>  8 
seconds  respectively,  begin  tolling  all  simultaneously  with  a 
clock  striking  ;  how  many  hours  must  elapse  before  they  all  toll 
simultaneously  again  with  the  dock  striking  ?  The  clock  is 
supposed  to  strike  at  the  hour  only. 

S2.  Three  railway  tickets,  a  1st,  a  znd  and  half  a  third  class 
were  purchased  for  16^.  lojrf.  The  1st  class  ticket  costs  ij  limes 
as  much  as  the  znd,  and  the  znd  class  i\  times  as  much  as  a  whole 
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3rd  class  ticket.    The  distance  travelled  was  45  miles.     Find  the 
cost  of  each  ticket  and  the  rate  pier  mile  for  each  class. 

53.  What  number  is  that  from  which  if  i^-^  be  deducted,  and 
to  the  remainder  X  be  added,  the  sum  will  be  3JJ  ? 

54.  If  with  sales  amounting  to  .£1000  per  month  a  tradesman 
gains  ^100  in  7  months,  what   sales  would   he  have  to  make  in  ■ 
order  to  gain  ^60.  loj.  in  1 1  months  i 

56.  Distribute  .£630  among  A,  B,  C  and  D  ;  so  that  B  and  C  may 
Ic^ether  have  half  what  A  and  D  have  together,  that  B's  money 
may  be  5  of  C's,  and  D's  money  |  of  A's. 

66.  Find  the  square  root  of  the  Least  Common  Multiple  of  7J, 
'9/j  ^nd  3oJ. 

57,  Express  672  oz,  as  the  decimal  of  jj  cwt.,  and  explain  the 
process  by  which  you  obtain  your  answer. 

68.  A  population  of  84,700  people  loses  during  a  pestilence'  5929 
persons  ;  what  is  the  loss  per  cent.  ? 

5fl.  If  air  contains  3301  %  of  its  weight  of  oxygen,  and  if  a 
cubic  ft.  of  air  weighs  1-23  oz.,  find  to  the  nearest  ounce  the  weight 
of  oxygen  in  a  room  18  ft,  wide,  27  ft.  4  in.  long  and  12  ft.  high. 

60.  Show  that  the  difference  between  any  improper  fraction  and 
unity  is  always  greater  than  the  difference  between  unity  and  the 
reciprocal  of  the  fraction. 

[  Take  any  improper  fraction  -which  you  like  to  select,  and  sko-w 
that  the  proposition  is  true  for  that  fraction;  then  extend  your 
reasoning  to  improper  fractions  generally^ 

61.  The  residue  of  an  estate  was  left  to  be  divided  between 
three  persons.  A,  B,  C,  in  such  proportion  that  A's  share  was  to  be 
to  B's  share  as  4 : 5,  and  B's  share  to  C's  as  9 :  16 ;  the  residue 
realised  ^£241 5.     How  much  was  each  person  entitled  to  ? 

62.  If  you  invest  a  sum  of  money  in  such  a  way  that  on  one-lbird 
of  it  you  gain  3  per  cent.,  on  one-fifth  you  lose  4  per  cent.,  and  on 
the  remainder  gain  6  per  cent.  ;  what  average  rate  per  cent,  do  you 
make  on  the  whole  sum  invested  .■" 
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63.  The  value  of  a  certain  house  in  1880  has  increased  3;  per 
cent,  since  ifi??.  The  house  was  raled  in  1877  al  two-thirds  of  its 
value,  and  in  1880  it  is  rated  at  three-lifths  of  its  value,  the  rate  in 
the  £  remaining  the  same.  Compare  the  rate  paid  in  1877  with 
that  paid  in  1880. 

64.  What  is  the  greatest  number  that  will  divide  1035  and  1665 
without  remainders.' 

65.  After  deducting  income  tax  at  8rf.  in  the  £  from  a  sum  of 
money,  ^508.  gs.  id.  is  left ;  what  is  Che  sum  i 

66.  Find  the  difference  between  \o\  and  iS,  and  then  divide  it 
by  the  sum  of  7^  and  3^. 

67.  Divide  l<)-^hy  iri^. 

68.  I  have  to  collect  £i\  for  a  society.  In  the  1st  week  I 
collected  .£4.  7s.  6d.  and  in  the  2nd  week  ^8.  16s.  $d.  What 
fraction  of  the  whole  sum  was  collected,  and  what  fraction  remains 
uncollected  ? 

69.  A  druggist  buys  a  certain  commodity  by  avoirdupois  weight 
and  sells  it  by  troy  weight.  The  buying  price  is  yi.  per  oz.,  and  be 
sells  at  6d.  per  oz.     What  is  his  gain  per  cent,  on  the  buying  price  ? 

70.  What  is  the  rateable  value  of  a  parish  if  a  rate  of  3^.  ;  J</.  in 
the  £  produces  a  sum  of  ^14,352.  is.  Sd  ? 

71.  A  person  sold  a  horse  at  a  loss  of  30  per  cent,  on  the  cost 
price  (  if  he  had  received  ^10  more  for  it,  he  would  have  gained 
10  per  cent,  on  the  cost  price.     Find  the  cost  of  the  horse. 

72.  A  man  leaves  ^32,818  to  be  divided  among  his  four  sons  in 
the  proportion  of  the  fractions  §,  j,  J  and  ^.      Find  the  share  of 

73.  What  is  the  value  of  4^  percent,  of  ;^i35o? 

74.  Goods  sold  for  ^207.  14s.  ^d.  gave  a  profit  of  three-eighths 
of  their  cost.     Find  their  cost. 

76.  Find  the  dividend  on  j^M^'  I2J.  6d.  at  I  is.  Zd.  in  the  £. 

76.  How  often  is  each  of  the  quantities  19^,  19$,  and  21}' 
contained  in  their  Least  Common  Multiple? 

77.  Reduce  ^1.  17^--  i^d.  to  the  fraction  of  .£22.  51.  6rf. 
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78.  Reduce  isV3S-^6i\  to  a  decimal. 

79.  If  the  cost  of  a  piece  of  cloth,  28  inches  wide,  be  8  guineas, 
what  should  be  paid  for  a  piece  twice  as  long  and  35  inch>is  wide? 

80.  If  a  man  buys  eggs  at  10  for  a  shilling,  and  sells  them  at 
8  for  a  shilling,  what  rate  per  cent,  profit  does  he  make  on  his 
outlay  ?  ^^_^_^_^_^__ 

81.  After  spending  S  of  my  money  at  A,  then  £  of  the  remainder 
at  B,  and  next  -^  of  what  still  remained  at  C,  I  had  y.  glii.  over. 
How  much  had  I  at  first  ? 

82.  When  2  cwt.  i  qr.  2  lb.  of  sugar  arc  taken  away  from  a  ton 
seven  times,  what  decimal  of  a  ton  still  remains,  and  what  is  the 
value  of  the  remainder  at  ^20'8  per  ton  ? 

83.  Simplify  each  of  the  following:  (a)?|g,(i)3|,(^)(2|  +  ,?)-=-^. 

84.  A  heap  of  cannon  balls  can  be  arranged  in  groups  of  34,  51, 
or  170,  leaving  10  over  from  each  group.  What  is  the  least  number 
of  balls  the  heap  can  contain  ? 

85.  At  noon  I  had  completed  g  of  my  journey,  at  2.15  I  had 
completed  S  of  it,  and  had  travelled  63  miles  since  noon.  Find  (a) 
the  total  length  of  my  journey,  (6)  the  uniform  rate  of  travelling,  (c) 
the  times  of  starting  and  arriving. 

86.  Find  the  cost  of  389  pairs  of  boots  at  ^3.  7s.  6rf.  for  4  pairs. 

87.  State  the  nile  for  the  multiplication  of  fractions,  and  give  the 
reason  for  it. 

Which  is  the  greatest  of  the  fractions  /j,  ^,  Jg  ? 

88.  A  person,  after  spending  half  of  his  money,  gives  away 
17J.  6rf.     He  has  then  17s.  6t/.  left.     How  much  had  he  at  first? 

89.  Divide  ^21.  7^.  6rf.  between  a  man,  a  woman,  and  a  boy,  so 
that  for  every  ss.  the  man  gets,  the  boy  may  get  jr.,  and  for  every 
Sj.  the  woman  gets,  the  boy  may  get  3J.  grf. 

90.  A  salary  of  600  rupees  a  month  (rz  months  to  the  year)  was 
once  worth  ^720  a  year ;  but,  owing  to  the  depreciation  of  silver, 
it  is  now  reduced  by  31^  per  cent  What  is  the  present  value  in 
English  money  of  a  rupee  ? 
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92.  A  man  pays  a  tenth  of  his  income  io  rates  and  taxes  and  a 
twelfth  in  insurances,  then  he  has  left  ^492.  13^.  id  What  was 
his  original  income  P 

93.  A  person  directed  in  his  will  that  J  of  his  property  (^38,657. 
6s.  fiti.)  should  go  to  A,  }  to  B,  |  to  C  and  }  to  D.  Show  that  these 
directions  could  not  be  carried  out.  Show  how  it  should  be 
divided  so  that  the  shares  may  have  to  one  another  the  ratio  he 
intended. 

94.  A  builder  (A)  sells  to  an  agent  (B)  a  house  for  ^4860,  by 
which  he  loses  19  per  cent,  on  the  cost  price ;  B  disposes  of  it  to 
C  at  a  price  which  would  have  given  A  17  per  cent,  on  the  cost 
price  profit.     Find  B's  total  gain. 

95.  The  children  of  a  school  can  be  arranged  either  in  classes 
of  32,  48  or  40  with  none  over.  What  is  the  least  number  ol 
scholars  which  will  permit  this,  and  how  many  classes  will  there 
be  of  each  number? 

96.  If  gold  is  worth  £y  17s.  bd.  an  ounce,  and  a  nugget  of 
gold  weighing  i  lb.  6  oz.  15  dwt.  contains  15  %  of  gold,  what  is 
the  value  of  the  gold  ? 

97.  If  3,\  tons  be  carried  a  certain  distance  for  £7.  15J.  -id.,  how 
much  should  be  charged  for  95  cwt.  for  the  same  distance? 

98.  A,  B  and  C  have  a  pasture.  A  puts  500  sheep  on  it  for 
4  months,  B  600  for  3  months  and  C  1200  for  2  months.  If  the 
whole  rent  be  ^279,  how  much  should  each  pay  ? 

99.  The  sum  of  three  fractions  is  J.  The  first  was  A.  the 
second  \%.     What  was  the  third? 

100.  Find  the  prime  factors  of  495,  429  and  195,  and  employ 
them  to  lind  the  square  root  of  the  product  of  these  numbers. 

101.  A  farmer  bought  a  flock  of  sheep  numbering  864  for 
^1720,  and  kept  them  for  6  months  at  a  cost  of  14^.  91^.  per  head  : 
be  then  sold  them  at  ^3.  ij-.  id.  each.    What  profit  or  loss  was 
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102.  A  farmer  has  14  milking  cows,  each  giving  2  gallons  i  pint 
of  milk  per  milking.  They  are  milked  morning  and  evening,  and 
the  [nilk  sold  at  i^tf.  per  pint.  What  is  the  value  of  the  milk  sold 
in  the  month  of  May? 

103.  A  man  buys  4;  bushels  of  apples  (40  lb.  to  the  bushel) 
for  ^6.  One  third  of  them  is  spoilt ;  he  sells  a  third  of  the 
remainder  at  2ti.  a  lb.  and  two  thirds  at  4s.  a  bushel.  What  profit 
is  made,  and  what  fraction  of  the  whole  cost  is  profit  P 

104.  A  mother  receives  £2.  los.  g^d.  weekly,  and  spends  in 
5  weeks  £7-  '^j.  4l«^  How  long  will  she  be  in  saving 
£45-   i-K-  y-i" 

105.  Three  tons  of  goods  were  bought  at  the  rate  of  6i</.  per  lb., 
and  the  carriage  was  $rf.  a  lb.,  what  is  gained  by  selling  them  at 
^5.  I2J.  percwt.? 

106.  How  many  turkeys,  each  worth  15J.  7irf,  are  equivalent  in 
value  to  150Z  geese  at  9r.  ^d.  each  ? 

107.  If  the  product  of  J  and  2J  be  added  to  the  sum  of  aif  and 
3 A"'  by  how  much  will  the  result  differ  from  100? 

108.  A  man  spends  65  %  of  his  income  and  saves  £434.  What 
is  the  amount  of  his  income,  and  what  sum  does  he  spend? 

109.  The  population  of  a  town  on  Jan.  i,  1901,  w.is  64,000.  It 
increased  5  per  cent,  in  each  year ;  what  was  the  population  on 
Jan.  I,  1904? 

110.  An  English  sovereign  contains  113  grains  pure  gold: 
I5'432  grains  make  1  gramme  ;  a  30  franc  piece  contains  5'8 
grammes  of  pure  gold.     What  number  of  francs  should  £1  be 

111.  A  merchant  sells  an  article  at  an  advance  of  12  per  cent,  on 
the  cost  price  ;  how  much  per  cent,  of  the  selling  price  is  profit  ? 

112.  The  gross  rental  of  a  farm  is£$2a.  The  owner  pays  income- 
tax  at  7-^  in  the  £,  and  then  5  %  of  the  remainder  to  the  collector 
of  the  rent     How  much  will  the  owner  himself  receive  ? 
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113.  An  army  of  I45i6oo  men  loses  12  %  of  its  number  through 
disease  and  15%  of  the  remainder  in  battle.  How  many  men 
are  left  ? 

114.  A  solicitor  charges  a  certain  percentage  for  negotiating  a 
mortgage  of  ^1450  on  a  house.  His  bill  is  /^2%  of  which  15 
guineas  are  law  costs.  What  does  he  charge  per  cent  for 
negotiating  ? 

115.  If  12%  of  an  army  be  disabled  in  the  first  month  of  a 
campaign,  and  15  %  of  the  remainder  in  the  second  month,  and  lo  % 
of  the  latter  remainder  in  the  third  month,  it  then  numbers 
33,660.  What  was  the  original  number  of  men,  and  the  number 
disabled  each  month. 

116.  In  coining  shillings  at  Che  Mint,  a  composition  is  used 
consisting  of  37  parts  of  silver  and  3  parts  of  copper.  The  price 
of  the  silver  is  5^.  2ii.  an  ounce,  and  the  weight  of  a  shilling  is 
j^  of  an  ounce.  What  is  the  value  of  the  pure  silver  in  the 
shilling? 

117.  40  lbs,  troy  of  standard  gold  can  be  coined  into  1869 
sovereigns,  the  proportion  of  pure  gold  to  alloy  in  standard  gold 
being  22  to  2.     What  weight  of  pure  gold  is  there  in  a  sovereign  ? 

118.  A,  B,  C  agree  to  pay  their  Hotel  Bill  in  the  proportion  of 
4:5:6.  A  pays  the  first  day's  bill,  which  is  £2.  lor.  lorf.  ;  B  the 
2nd  day's,  which  is  £3.  12s.  f>d.  ;  and  C  the  3rd,  which  is  ^3.  \ts. 
How  must  they  settle  their  accounts  ? 

119.  Three  men  A,  B,  C  have  a  grazing  (arm  and  pay  £^2.  \2S. 
rent ;  A  puts  in  90  oxen,  B  puis  in  96  and  C  puts  in  98.  What 
proportion  of  the  rent  should  each  pay  ? 

X20.  A  farmer  bought  4  horses  and  7  cows  for  ^238,  and  the 
price  of  2  horses  was  equal  to  the  price  of  S  cows.  How  much 
did  he  give  for  each  ? 

121.  A  works  for  6  days  of  8  hours  a  day  ;  B  works  for  5  hrs.  on 
the  first  day,  and  on  each  of  the  5  subsequent  days  1  hr.  longer 
than  on  the  preceding  day.    A  does  as  much  in  4  hrs.  as  B  does  in 
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5  brs.     The  total  sum  paid  to  A  and  B  for  wages  for  the  work  is 
£1.  2s.     How  much  should  each  receive  ? 

122.  A  legacy  of  .£2420  is  left  to  three  persons  in  such  propor- 
tions that  after  the  payment  of  a  legacy  liuty  of  15  per  cent,  the 
first  receives  twice  as  much  as  the  second,  the  second  three  times 
as  much  as  the  third.     What  are  their  respective  shares? 

123.  A  bankrupt,  whose  estate  is  worth  .£698,  has  4  creditors, 
A,  B,  C  and  D.  He  owes  A  ^270,  B  .£300,  C  j£i50  and  D  ^100. 
The  legal  expenses  of  his  bankruptcy  are  ^83.  How  much  will 
each  creditor  receive  ? 

124.  A  person  bought  an  estate  and  subsequently  sold  it  for  .£625 
less  than  he  gave  for  it,  thereby  losing  ij  per  cent,  on  the  cost 
price.  What  should  he  have  received  in  order  to  gain  12^  per 
cent,  on  the  cost  price  ? 

125.  If  a  grocer  gains  10  per  cent  by  selling  tea  at  2s.  ^.  per 
lb.,  what  will  he  gain  per  cent,  on  the  buying  price  by  selling  it  at 
2S.  i)d.  per  lb.  ? 

126.  If  4  per  cent,  be  lost  by  selling  silk  at  105.  per  yard,  at 
what  price  per  yard  should  it  be  sold  in  order  to  gain  5  per 
cert.  ? 

127.  Find  the  value  of  |  of  7*.  6rf. +0-625  of  '<«■■- si  of  9^-  2rf., 
and  express  the  result  as  the  decimal  of  ^4. 

128.  Multiply   ^15   by  7-8498,   giving   the  answer  true  to   the 

129.  If  45  sheep  cost  ;£2o,  how  mifth  will  27  cost? 

130.  What  dividend  will  be  paid  on  a  debt  of  ^906,  loj.  at 
I5J-.  id.  in  the  £? 

131.  What  percentage  of  ^1625  is  ;£52.  i6j.  31^.? 

132.  What  is  the  lowest  number  divisible  exactly  by  33,  22,  55 
and  30? 
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42.    CALCULATIONS   AND  APPROXIMATIONS. 

In  actual  business  transactions  answers  and  results  rarely 
work  out  exactly,  and  the  figures  are  only  approximations. 

Example. — A  man  as/is  his  butcher  for  a  piece  of  beef  to 
weigh  ai>oul  lo  lb.  A  piece  is  cut  off,  ami  on  weighing  is  found 
to  be  9  lb.  13  oz.  —or  nearer  9  lb.  13  oz.  than  9  lb.  12  os.  The 
butcher  calculates  the  price  at  say  i  \d.  per  lb.  on  the  assumption 
that  (he  weight  is  <i  lb.  i^os.      What  is  the  cost  of  the  beef  1 

The  price  is  therefore  \id.  x  9|^g  =  8j.  n\%d.,  but  8j.  ^i\%d. 
is  nearer  91.  than  8f.  \\\d.,  because  \%d.  is  nearer  to  \d.y 
i.e.  \%d.,  than  to  a  halfpenny,  i.e.  j\</. 

Accordingly,  the  price  charged  is  gj. 

Note.— It  would  probably  be  found,  however,  that  the 
butcher  would  charge  9^.  for  anything  over  %s.  \\\d.  and  less 
than  9J,,  whether  nearer  to  9^.  or  not. 

Example. — Find  the  cost  of  115  tons  8  cwt.  25  lb.  of  coal  at 

12s.  dd.  per  ton. 

Coal  would  be  weighed  to  the  nearest  quarter  probably,  and 
the  price  calculated  accordingly.  Thus,  when  sold  at  t2j.  bd. 
per  ton,  an  amount  of  coal  115  tons  8  cwt.  25  lb.  in  reality 
would  have  only  been  weighed  to  the  nearest  quarter,  and  the 
price  calculated  on  115  torn  8  cwt.  i  qr. 

s.        d. 
The  cost  of  the  1 15  tons  would  be  1437  .  6 
„  „  8  cwt.  „  5.0 

„  „  I  qr.  „  0.2,    though    realty 

the  fourth  part  of  i\d. 
The  total  cost  therefore  would  be  14425.  8</.,  i.e.  £72-  as.  Sd. 
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EZEBOISES  LX.  a. 

Mental  or  Oral. 
Find  true  to  the  nearest  ^d.  the  cost  of  the  following  : 

1.  Shoulder  of  mutton  {a)  4  lb.  10  oz.,  (6)  5  lb.  2  oz.,  {<:)  4  lb. 
12  oz.,  (rf)  6  lb.  3  oz.,  at  grf.  per  lb. 

2.  Sirloin  of  beef  (a)  7  lb.  12  oz.,  (*)4  lb.  6  oz.,  (c)  7  lb.  2  oz., 
(^)  8  lb.  9  07.,  at  1  li^.  per  lb. 

3.  Piece  of  cheese  (a)  5  lb.  3  oz.,  (,6)  4  lb.  5  oz.,  {.:)  6  lb.  8  oz., 
(rf)  12  lb.  6oz.,  at  ii<^  per  lb. 

i.  A  length  of  silk  (a)  2  yds.  34  in.,  (d)  3  yds.  16  in.,  (c)  4J  yds. 
Jong,  at  4s.  yd.  per  yd. 

6.   A  piece  of  cloth  4  yds.  8  in.  long,  at  5^.  per  yard. 

EXEBOISES  LX.  b. 

Find  true  to  the  nearest  Jrf.  the  cost  of  the  following : 

1.  A  truck  load  of  coal,  7  tons  14  cwt.  2  qrs.,  at  lu.  4^.  per  ton. 

2.  A  massof34cwt.  27lb.  ofcopper,  at/63perton.  (Weighed 
and  calculated  true  to  the  nearest  lb.) 

3.  A  length  of  cloth  3  yds.  and  an  eighth,  at  3J.  yi.  per  yd. 

4.  A  piece  of  timber  7  ft.  8  in.  long,  at  &d.  pier  foot  run. 
6.   Two  pounds  three  ounces  of  tea,  at  ^s.  7irf.  per  lb. 

Find  the  weights  of  the  following  masses  ; 

6.  25i  cubic  feet  of  water — assuming  that  I  cubic  foot  of  water 
weighs  62-5  lb.    (State  answer  true  to  the  nearest  lb.) 

7.  A  brick  wall  67J  feet  long,  9  inches  thick  and  7J  feet  high. 
(Assume  i  cubic  foot  of  brickwork  weighs  1  cwt,  and  state  your 
answer  true  to  the  nearest  cwt.) 

8.  A  prism  of  iron_  10  ft.  3  in.  long  and  87  sq.  inches  in  cross 
section.  State  your  answer  true  to  the  nearest  quarter,  (i  cubic 
foot  of  iron  to  be  assumed  as  weighing  450  lb.) 

9.  A  cable  length  of  lao  fathoms,  each  foot  of  which  weighs- 
2j  lb.    (State  your  answer  true  to  the  nearest  qr.) 
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XO.  The  yield  of  a  vein  of  coal,  2  fi.  9  in.  thick,  6  acres  in  extent. 
(State  your  answer  in  tons  true  to  the  nearest  hundreds  digit, 
assuming  that  approximately  1  cubic  yard  in  the  mine  yields  one 
ton  of  coal.) 

11.  What  quantity  of  coal  per  acre  can  be  obtained  from  three 
seams,  severally  2  ft.  3  in.,  z  ft.  6  in.  and  2  ft.  9  in.  thick,  assuming 
the  same  data  as  in  Ex.  10  ?    (True  to  the  nearest  hundred.) 

12.  Tiie  yearly  output  of  a  limestone  quarry  being  23,536  tons, 
find  the  yield  of  lime  to  the  nearest  hundred  when  the  stone  yields 
52  per  cent,  of  lime. 

13.  What  is  the  cost  to  the  nearest  penny  of  cutting  63  tons 
II  cwt,  a  qrs.  of  coal,  at  is.  j^d.  per  Ion? 

14.  Find  also  the  cost  to  the  nearest  penny  of  cutting  95  tons 
15  cwt.  I  qr,  if  the  price  per  ton  be  30%  above  that  in  Ex.  13. 

15.  Find  the  cost  to  the  nearest  penny  of  43^  gall,  of  oil  at 
IS.  id.  per  gall. 

16.  Find  the  cost  of  4  tons  17  cwt.  3  qrs.  of  pit  wood,  at  [91.  td. 
per  ton. 

17.  What  is  the  value  of  134  lb.  9  oz.  of  old  brass  at  6|i£  per  Ib.P 

18.  What  is  the  value  of  a  copper  ingot  weighing  2  cwt.  21  lb., 
at  Z^d.  per  lb.? 

19.  3000  fire-bricks  are  assumed  to  weigh  9  tons.  What  is  the 
weight  of  a  brick  to  the  nearest  lb.  ? 

20.  Find  true  to  a  thousand  gallons  what  additional  quantity  of 
water  is  added  to  a  reservoir  whose  area  is  ;5  acres  I3oo  sq.  yds. 
by  a  rainfall  of  0'9  inch,  assuming  277  c.  inches  to  a  gallon. 

21.  Find  true  to  a  ton  the  yield  of  bay  from  a  meadow  of  5  ac. 
3  ro.  25  sq.  po.,  at  4  tons  to  the  acre. 

22.  Find  true  to  the  nearest  quarter  the  yield  of  wheat  from  an 
acreage  of  146  acres  2  ro.  16  po.,  at  3J  quarters  to  the  acre. 

23.  Find  to  the  nearest  cubic  yard  the  quantity  of  earth  removed 
in  forming  a  ditch  220  yds.  long,  S  ft.  wide  and  3  ft  3  in.  deep. 

24.  Estimate  to  the  nearest  thousand  the  number  of  gallons  of 
water  pumped  from  a  mine  per  day  by  an  engine,  when  it  makes 
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3  strokes  per  miDute  and  discharges  I9'3  cubic  ft  per  stroke, 
assuming  i  cubic  ft.  of  water  to  equal  frJS  gall, 

26.  Find  to  the  nearest  acre  the  area  ot  a  rectangular  park 
1  m.  600  yds.  long  and  i  m.  800  yds.  wide. 

MB. — It  should  be  carefully  noted  that  the  degree  of 
approxtination  varies  in  each  particular  case. 

For  example,  a  tax  was  made  on  salaries,  investments,  etc. 
The  amount  taxed  was  ;£6o8,6o6,903 ;  the  tax  could  be 
determined  at  a  certain  amount  in  the  ;£,  fixed  exactly  to 
a  \d.  A  variation  of  \d.  in  the  rate  per  £  makes,  however, 
a  difierence  of  over  ^^i, 400,000  in  the  produce  from  the  tax. 

26.  A  town  estimates  its  expenditure  for  the  year  as  j^z6,ooo,  true 
to  the  nearest  thousand  pounds.  If  the  rateable  value  of  the  town 
be  £170,000,  find  to  what  degree  of  accuracy  (nearest  penny  or 
halfpenny,  etc.)  the  rate  per  £  can  be  fixed. 

27.  A  train  is  drawn  along  at  a  nominal  speed  of  80  ft.  pier  sec. 
Ii  the  speed  varies  to  the  extent  of  i  ft.  per  sec.,  what  difference 
might  it  make  in  the  distance  described  in  12  hours'  continuous  run  ? 

28.  If,  owing  to  unequal  arms,  a  balance  is  out  by  3'5  tb.  in  acwt., 
what  is  the  amount  of  the  error  when  96  tons  18  cwt.  3  qrs.  aje 
weighed  by  it  ? 

DecimaUzation  of  Money. 
The  feet  that  the  money  payment  in   exchange  for  goods 
and  service  is  only  approximate,  is  important  in  its  bearing 
on  the  use  of  the  decimal  system, 
i^.  =0-05  of  a  ^. 

I  flf.  =0-0041666...;^,     »>.  =  0-00416;^. 
|(/."  0-00104166,..;^,        =0.0010416;^. 
So  that,  frequently,  to  express  a  sum  of  money  as  a  decimal 
of  a  ;^  would  involve  the  use  of  recurring  decimals,  and  the 
decimal  system  might  then  be  inconvenient  for  calculation. 

If  the  calculations  are  given,  however,  to  the  nearest 
farthing,  and  it  is  noted  that  ^li  =;£o-ooto4t66,..  and  that 


;dbv  Google 


240  A  MODERN   ARITHMETIC 

^o-ooi'0'96  farthing,  it  will  often  be  sufficient  to  state 
the  decimalized  sum  of  money  to  the  nearest  figure  in  the 
third  place  of  decimals. 

Example. —  To  decimalize  a  sum  of  money,  say  j[j\^  iis.  -j^d. 
(a)  When  the  methods  of  ordinary  reduction  are  employed, 
the  working  will  be  as  follows : 

^£14.  i2s.  Jid.  =  £n.  i2s.  7'2S''--:£i4-  12-604166. ..j. 

=  ;£i4-63oao833.... 
Frequently,  especially  in  mental  and  approximate  calculations, 
it  is  more  convenient  to  express  the  pence  and  farthings  as 
decimals  of  a  j£,  without  first  expressing  them  as  decimals  of 
a  shilling.     Thus : 

I  farthing  =  £-g\j,  =  r (Yj^) j^Vc  =  £  (TTrrir^Ki  tsSsts) 

and,  therefore,  if  the  /lence  and  farthings  be  expressed  as  a 
number  of  farthings,  and  this  number  be  increased  by  its 
i^thpart  (usually  this  will  only  be  required  to  the  nearest  unit), 
the  result  will  give  the  pence  and  farthings  as  thousandths 

oi  £•■ 

Applied  to  the  same  example,  the  working  (mental)  would 
be  as  under ; 
(^)  7jrf,  =  29  farthings  Increase   29  by  its  24th 

"  oo30.;£  approx.  part,  true  to  the  nearest  unit, 

121.  =  iz(o-05);t  ^"^d  regard  each  unit  as  a 

=  o-6o^.  thousandth  of  £. 

^14.  lis.  7l'^-  =  ;£i4-630  approx.,  but  true  to  3rd  decimal 
place. 

More  accurately,  ^£14.  12s.  7id.  =  ;£i4-63^  +  £-^^{o-02g). 

Example. — To  decimalize  ;£io3.  131.  i^d. 
2^d.  =  10  ferthings  =  ;£o-oio  approx. 

(or  accurately,  ;£o'0io  +  ^ 1. 

■■  jC'°3-  13^-  2j<^-  =  ;tio3-66o,  true  to  the  3tddecimaJ  place. 
More  accurately,  ^103.  13J.  2^d.  =  j£ioy66o  +  ^ 
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Example. —  To  dedmalize  ^25.  &s.  ^\d. 

4\d.  =  ij  farthings  17  increased  by  its  Z4th  part  i; 

=  Ao-oi8  18,  true  to  the  nearest  unit 

8i-.  =  _£o-4, 
-■.  £2e,.  is.  4i^.  =  ;^i5-4i8  approx. 


Conversely,  the  method  of  converting  sums  of  money  ex- 
pressed in  decimals  of  j£,  to  pounds,  shillings  and  pence,  is 
illustrated  by  the  following  example  : 

Example. — To  express  ^^36-243  as  jQ.  s.  d. 
Each  0-06  corresponds  to  a  1^., 
each  0-001  is  a  \d.  nearly. 
And;^36-243  =  ;^36.  +t.  +  43  farthings  nearly 

=  ^36-  As.-^\<i\d.  nearly. 
To  be  more  accurate,  we  should  remember  that  in  decimalizing 
the  farthings  we  take  each  \d  as  ;£o-ooi,  and  then  increase 
the  result  by  gj. 

Here,  therefore,  we  should   diminish  the  43   farthings  by 
their  Z4th  part,  and  thereby  obtain  a  close  approximation. 
.'.  since  j'jth  of  43  =  2  approx. 

^0-043  =  41  farthings  approx. 
and  jCo-i  =  4S- 

£3^-^43  =  £36.  AS-  lojrf. 


Evaluating  ;£^36'243  in  the  ordinary  way, 
£36-  '   '  ■        " 


243  =  £3^+  M-^-iS)^-  =  £3^-  4-86i. 

=  £3^-  4J-  lO'S^-^- 

=  £3(>-  4S-  ^°H 

to  the  nearest  farthing. 


Example, — To  express  .£6-183  as  £.  s.  d. 

o-i83  =  3(o-o5)  +  o-o33 
33  reduced  by  its  24th  part  =  32  approx. 
.".   ^£6-183  =  ^6.  3J.  +  32  farthingsapprox. 

=  £6.  jj.  8d.  true  to  the  nearest  farthing. 

J.H.A.  Q 
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BXEBGISES   LXI.a. 
Decimalize  the  following,  or  express  in  £.  s.  d.  (irue  to  the 
nearest  farthing  or  to  j£o'0oiX  by  the  preceding  methods,  and 
verify  in  the  manner  employed  on  pp.  i^>z^i : 

1.   izb.  IS.  2irf.            2.   ;£26.  u.  5irf.  3.  /3S-i2>- 

4.   £35108.                  5.  £gS.  ,Ss.  s}d.  6.  £15-  us.  Bd. 

7.   £83-696.                  8.  £34-112.  9.  £17-857. 

EXEBCISES   I.XI.b. 
Muttal  01  Oral- 
Express  as  decimals  of  £ ; 

1.  £2.  2s.  od.              2.  £2.  jr.  orf.  3.   £5.  5j.  orf. 

4.  £5.  &r.  orf.               6.  £3.  17J.  orf.  6.  £4- iS't-cw'. 

7.  £102.  I3J-.  o^,         8.  £116.  19J.  orf.  9,   \d. 

10.  Id                        11.    i\d,  12.    2\d 

13.   sK                       14.   £2.o,.%\d  15.   £i2.oj.9|rf. 

16.  £11.  lar.  Sirf.        17.   £12.  8.1.  7^-  1&   £12.  91.  7K 

19.  £12.  IS.  gid        20.  £101.  y.  iid.  21.  £13.  ^.  li^- 

22.   £i3-7J-3irf.         23.   £14.  6s.  lid  24.   £114.  5^- iM 

EXEBOIS£S    LXI.C 
Hantal  or  Oral 
Express  £.  s.  d.  as  decimals  of  a  £,  or  vicf  versa,  in  the 
following : 

1.   £2.  ly.  6d.             2.   £3.  8j.  4irf.  3.   £101-123. 

4.  £6.  17S-  old           5.   £3  iSs.  o^d  6.   £7.  ifa-  i</. 

7.  £3.  I4J-  iK-           8.   £3-287.  9.   £6.i02. 

10.  £i2-3oi-                11.  £8293-  12.   £16.  i8j.  Ti. 

13.  £3.  16s.  4d.           14.   £1-726.  15.   £2-3i& 

16.   £100.  2s.  od.          17.  £100.  IS.  lorf.  18.  £23.  17J-  ii-i 

19.  £i5-6j-8|rf.          20.   £3-167.  21.  £2-135- 

22.  £2.  jr.  6id           23.   £7.  is.  i^d  24.  £i3<w6- 
86.  £8-103.                  26.  £9.  2s.  7\d 
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FoBsible  Errors  in  DecimaUzatiOD. 

In  the  method  of  decimalizing  sums  of  money  that  has 
already  been  explained,  it  must  be  noticed  that  frequently  it 
may  not  be  accurate  enough  to  decimalize  to  the  third  place, 
when  the  sura  of  money  is  expressed  in  j£. 

Example. — To  evaluate  the  cost  of  30,000  articles  at 
£jiz.   2S.  4|rf.  each. 

£12.  2s.  4|rf,  =._;£i2-i  ajid  19  farthings 

=  ;^(iz-ir9  +  ^of  o-oig) 

=  ;£i2-i2o  true  to  the  third  decimal  place. 
Taking  the  cost  of  30,000,  at  this  assumed  value  for  the 
single  article,  the  cost  works  out 

=  30,000  X  ^i  2- 1 20  =  ^363,600 ; 
whereas  the  correct  cost 

=  30,000  X  ^12-1 19  +  30,000  X  ^j  X  ;£o.or9 

"  £363,570 +£i^^ 
=£363,570 +£2$,  I5J. 

=.^6363,593-  15^.  with  an  error  of  £6.  $s.  od. 


£1.  jSs.jy.=£i-g  +  30  i>iithmgs-£i-9  +  £o-o3o  +  ^^^ 

36ooX;£r.  i&s.  7j'^-  =  36o6x^i.93o  +  ^x36oox;^oo30 
=^694.8  +  ;^4-S 
=  a699-  6s. 

It  does  not  always  follow  that  the  above  is  the  quickest  or 
most  advantageous  method  of  evaluating,  and  it  is  mentioned 
here  in  order  to  point  out  the  possible  error  which  might 
creep  in  when  the  approximate  decimalized  value  is  used. 
In  dividing  by  numbers  greater  than  t.  there  is  no  danger 
in  approximating,  since  the  error  gets  reduced. 
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EXERCISES  T.TTT 

,   Evaluate  the  following  : 


(a)  £i.  17S.  4rf.x(0  lc«,    (ii)  looo,    (iii)  800,    (iv)  480. 
(*)  ^156-  4s-  2ldM^)  100-    (")  700,    (iii)  300. 
(0^2892.0,,  7^x0)  260,    {ii)i25. 

2.  In  finding  the  cost  of  600,000  articles  at  t2s.  j^d.  each,  the 
result  is  calculated  by  reducing  i2j-.7ii^.  to  the  decimal  of  a  £, 
true  to  the  third  decimal  figure.     What  is  the  error  so  produced? 

3.  Find  the  cost  of 

(a)  125  articles  at  ^3.  lar.  2d.  each. 
(6)  300  articles  at  £i.  1  is.  i^d  each. 
(1:)  100  articles  at  £1.  lis.  o^d  each, 
(rf)  450  articles  at  £3.  icur.  4id  each. 

4.  Wliat  error  would  ensue  if,  in  evaluating  the  following,  the 
approximate  values  in  decimalizing  are  used  before  muhiplying? 

£.    s.     d 

(a)  1000  articles  at  o  .   10  .  ij. 

(6)   5^           „  0.7-  2i. 

(c)  84,o«.        „  o  .      1  .  Ii, 

(rf)  96,000      „  t  .    3  .  oj. 


43.   PRACTICE. 

Practice  is  a  simple  and  convenient  method  of  computation 
by  means  of  aliquot  parts.  An  aliqnot  part  of  a  number  or 
quantity  is  a  part  which  will  divide  into  that  number  or 
quantity  without  remainder.  Thus,  2s.  6d.  is  an  aliquot  part 
of  j{|i,  for  it  is  exactly  ^  of  ;£i. 

The  method  of  finding  cost  by  practice  sums  is  often 
used  by  tradesmen,  and  will  be  evident  from  the  following 
worked  examples.  It  will  be  noted  that  the  process  admits 
of  many  variations. 
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Example.  —  Wkni  is  the  value  of  ^t^  articles  at  ^^.  5^.  lo^^. 
eathi 

{«)  £.       s.      d. 

873.    o.    o   cost  if  arricles  were  j£i  each. 


7K=Tthofsj. 
3rf.  =  5Vtli  of  5J. 


2619  . 


.,       £1    „ 

(/...{th  the  cost  at  ;^i  each). 

5  ,    yjcostifamcles  wereyji/.each 

(i.e.  Jth  the  cost  at  5^.  each). 

18  .     3    cost  if  articles  were  ^d.  each 

(i.e.  ^'^th  the  cost  at  $s.  each). 

8  .  I  oncost  at  £3.  sj.  to^d.  each. 


m 

£■ 
873. 

° 

d. 
3 

6..-Athof^3. 

a6i9  . 
z6j  . 

18 

^ 

id.=^^tho(6s. 

2880. 
S  ■ 

18 

9 

°i 

287s 

8 

•«J 

cost  at  £-i  each. 
„     ds.      „ 

i>     ;^3-  ^^-  each. 
„     \\d.  each. 

oj   By  subtraction  obtain  cost 
at  £i.  5J.  \<i\d. 

if)  More  frequently  it  is  advisable  to  work  in  decimals. 

£^ 


cost  at  ;^3  each. 

„    s». 

„     6rf. 
„     id- 


S73 
3 

s^.=ithofi;.. 

6^.  =  ^th  of  SI. 

id.  =     of  6d 

2619 
218-25 
21-825 
10-9125 
5-45675 

2875-44425  cost  at  £1.  51 


o^d.  each. 


Cost,  therefore,  ;i;2S7s.  Ss.  lojrf. 
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Example. — Find  the  cost  of  547I  cwt.   at  £^\.    zj.    'i^d. 
per  cwt.,  using  the  decimal  method. 

£■ 

547-375  cost  at  ^i  per  cwt. 
3S.  =  ^jitiioi  £1.     54-7375  »     2^- 

8</.  =  ^rd  of  2J.  18-24583  „     3^. 

i<f.  =  TVh  of  8*/.  1-14036 

621-399        (To  nearest'figure  in  3rd  place 
^^^^^^  of  decimals,  since  0-39869  is 

nearer  too-399  than  too-398.) 
.'.  cost  =  ;^62i,  71.  \\\d. 

Example. — Find  the  value  of  237§   tons  at  £0.  9J.  ■jd. 


5^- =  1th  of  ^1. 

41.  =|th0f  ;tl- 

6d.  =  Ith  of  4r. 
i^.  =  |thof  61^. 


'37 


=■  cost  of  137  tons  at  j£i. 


59-25 

47-4 
5-925 
0-9875 


103-5625 
=  ;£io3.  lis.  3^.- 
6j.  5'^-  = 


:t  of  237  tons  at  91.  ^d. 
„  I  ton  at  9^.  71/. 

ti     237I  tons  ^t  9^-.  7^ 


EXEBCISEB   LZnLa. 
Mental  or  Onl. 

1.  What  aliquot  parts  of  a  ;£  are  the  following  sums  : 

loj-.,   6j-.  %d.,    jj.,    4J.,    IS.  Bd.,    21.,    3j.  6rf.,    3J.  4(i,  as.  ^d,    U, 

2.  State  as  aliquot  parts  of  a  shilling  ; 

6d.,  4d.,   3d.,  2d.,    lid,    Id. 

3.  What  aliquot  parts  of  a  ton  are  : 

10  cwt,    5  cwt.,   4  cwt,    2  cwL,   1  cwt  ? 
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4.  Stale  as  aliquot  parts  of  a  cwt. : 

2  qrs.,    I  qr.,   56  lbs.,   28  lbs.,    16  lbs.,    14  lbs.,   7  lbs. 

5.  What  aliquot  parts  of  a  quarter  are  : 

14  lbs.,  7  lbs.,  4  lbs.,   3i  lbs.,  2  lbs.,    i  lb.  ? 


£XESOISES   LXin.b. 
Blestal  or  Onl. 

1.  What  aliquot  part  of  a  /  is  each  of  the  following  ? 

(a)  y.  4^,  (i)  ss.,  (c)  2s.,  (rf)  u.  4^.,  (^)  is.  3d.,  (/)  6s.  8rf.,  (^)  7^., 
(A)  srf. 

2.  What  aliquot  part  of  10s.  is  each  of  the  following  ? 

(a)  2s.  6d.,  {6)  2S.,  (c)  ss.,  (rf)  IS.  3d.,  (e)  ?¥■,  (/)  5^.,  (^)  3^.  4^-, 
(-4)  iK 

3.  What  aliquot  part  of  +r.  is  each  of  the  following  f 

(a)  IS.  4rf.,  (i)  2s.,  (c)  U,  {d)  3d.,  (e)  2d.,  (/)  i^. 
i.   What  aliquot  part  of  2s.  bd.  is  each  of  the  following  f 

(a)  lod.,  (b)  6rf.,  {c)  srf.,  (rf)  3rf-,  W  2^ 
What    amounts    should    be    placed    in    the    following    empty 
brackets  ? 


5.  2..  j;.  is  Ml  of  (      ),i.«jo(( 

),i.fr)Jof(        ). 

6.   u.*i.  i.(a)|of(       ),»WAof( 

),  isWJof(        ). 

7.    13..  4^.is(«)Jof(        ),is(«))of( 

),isMSof(       ). 

8.  jKi«WAof(       ),  ii(»)Aof( 

),isWJot(        ). 

Find  tile  values  of  tlie  foiiowing  atiides  : 

9.   (^)r5atij.4^,(*}3oatij.4^.,(t)3ial 

:iJ.  4rf.,(rf}29atis.4rf. 

10.   (a)  6  at  y.  ^d.,  {b)  18  at  3J.  4^.,  (f)  24  at 

3j.4rf.,  (rf)25atji.4rf., 

»  23  at  3J.  «/. 

U.  (.)  36  at  ti..  (S)  a?  at  fd.,  (t)  333 

at  id.,  (J)  48  at  4d, 

(«)  49  at  4rf. 

12.   («)  24  at  lorf.,  (*)  48  at  lorf.,  (£>  50  a 

t  lorf.,  (rf)  46  at  it>/., 

(a)  97  at  lorf.,  C/)  12"  at  \ad. 
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13.  (a)  32  at  7irf.,  (*)  64-  at  7H'  (^)  65  at  ri^-,  (.d)  96  at  7\a., 
C^)iooat7K(/)'9oat;irf. 

14.  {a)  12  at   IS.  id.,  (i)  24  at   is.  Bd.,  (c)  26  at  is.  8d.,  (d)  48  at 
IS.  U,  (e)  50  at  £1.  IS.  Sd.,  (/)  96  al  £2.  is.  Sd. 

15.  (a)  8  at  2s.  bd.,  {b)  8  at  ^i.  2s.  6d.,  (c)  16  at  2s.  6d,  (dj  15  at 
^1.  2s.  6d.,  ie)  48  at  ^1.  2S.  6d.,  (/)  97  at  £1.  2s.  6d. 


EXSBGISES  LXnLc. 

Calculate  the  value  of  the  following  ; 

1.  1973  articles  at  (a)  2d.,  {b)  yl.,  {c)  4d.,  (d)6d.,  (e)8d.,  (J)  \od. 
each,  using  in  each  instance  but  i  aliquot  part. 

2.  237S  articles  at  (a)  ij^.,  {b)  2|^.,  {c)  i^d.,  {d)  i\d.,  (e)  s\d., 
if)  7lrf-,  {g)  Hd.,  {h)  6?^,  (/■)  ^.,  (J)  loj^. 

3.  584  articles  at  {a)  2s.  3d.,  {b)  y.  sd.,  {c)  ^.  id.,  (d)  5*.  6d., 
(e)  6s.  los.,  (J)  7s.  Ad;  ig)  is.  gd.,  {A)  9s.  id.,  (i)  los.  id. 

4.  3719  articles  at  (a)  2s.  si^;  (*)  I3^-  H^.,  (c)  IJi.  9jrf., 
(rf)  i8^.  5K-.  ('•>  '8j-  V-,  (/)  '8^-  U,  (S)  I9J-  ^d,  (A)  19s.  4K 
( •  Using  only  1  aliquot  part.) 

5.  6934  articles  at  (a)  £1.  i2j.  Zd.,  (6)  £2.  14s.  y^d., 
{<:)  £3- 7S.  Si'i,    {d)£i4-^y-Hd. 

6.  735  articles  at  (a)  £23.  6s.  JO^d.,  (b)  £34.  12s.  gfrf., 
ic)£42.  iss.  7K-.  ('^)£53.  17^-  H^. 

7.  593'  articles  at  (a)  £ii.  as.  loid.,  (i)  ^27.  of.  iiid., 
ic)  £19- 3S.  lid.,  (d)  £4$.  $s.  3id. 

8.  7582  articles  at  (<i)  £9.  3s.  gd.,  (6)  £10.  laj.  6d.,  (c)  £8.  2S.  id., 
(d)  £s.  is.  4d,  (^)  £19- 19s- 4id. 

9.  5327  articles  at  (a)  £73.  7s.  3^-,  (*)  £^i-  9^-  6i^, 
(c)  £S4.  i6s.  4y.,    (d)  £7i>.  17s.  lod. 

10.  675'  articles  at  {a)  £3.  y.  9^-,  (*)  £S-  6s.  3^.,  W  £i-  2s.  id., 
(rf)  £(i.  13s.  4d,  (e)  £2.  ns.  dd.,  using  only  one  aliquot  part  in  each 
case,  and  then  checking  your  result  by  using  two. 
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Find  the  cost  of  the  following,  giving  results  true  to  the  nearest 
penny  ; 

1.  3S7i  yds.  al  (a)  2s.  lod.,  (,b)  y.  lod.,  {c)  is.  id.,  (d)  &s.  6d., 

(e)  iss.  gd,  (J)  ifo.  2d.  each. 

2.  61,^    articles    at      (a)    £2.    ^s.    3d.,      (6)   £s.     us.     S^d, 

(c)  £9.  IAS.  Id.,  (rf)  £i^.  17s.  9^.  each. 

3.  39SH  cwt.  at  (a)  ^3-  5^-  4^-,  W  £^-  9^-  6^,  {c)  £5.  13s.  2d.. 

(d)  ^9.  i8j.  6d.  each. 

4.  593  miles  at  (a)  £0.  4s.  lod.,  {b)  £2.  Zs.  lod..  (<:)  £9.  iw.  sH* 
(d)  £14.  l+i-  Sl''-  per  mile. 

5.  7651  07.  at  (a)  3..  SJrf.,  (i)  £3.  17s.  lojrf.,  (^)  ^5.  4s.  gd., 
id)  £%.  OS.  9rf.  each. 

6.  593  tons  at  {a)  15^.  4^,  (*)  £^-  V-  lofrf-  W  £S-  'S^-  3|'/-. 
(<0  ;£9-  I4J.  7Arf-  each. 

7.  429  bushels  at  (a)  4j.  6|^,  {b)  £0.  ss.  8ftrf.,  (c)  £1.  7s.  9?rf., 
(rf)  ^2.  5.1.  8}grf.  each. 

8.  J  573  articles  at  {a)  i+r.  7\d.,  {b)  £3.  ISs.  ejrf,  {c)  £a.  7s.  Sgrf., 
(<0  £7-  19J-  2ftrf.  each. 

9.  3015  articles  at  (a)  151. 6{d.,  (b)  £4.  is.  sK.,  {c)  £7.  l6j.  i,\\d., 
(d)  £3.  12s.  8K-  each. 

10-  673S  quarters  al  (a)  4s.  2}d.,  {b)  £0. 6s.  ^d,  (c)  £2.  las.  g^d., 
W£S-  17-f-  S^aiperqr. 

In  the  case  of  Compound  Practice  the  same  remarks  apply  as  in 
Simple  Practice  (see  pp.  245-246). 

EXERCISES   LXIII.  e. 
Hental  or  OrtX 
Find  the  value  of ; 

1.  (a)  ;  cwl.  at  lor.  a  ton,  (i)  10  cwt.  at  3J-.  41/.  a  ton,  (c)  4  cwL 
at  £2.  7s.  6d.  a  ton. 

2.  (a)  I  ton  10  cwt  at  9^.  6rf.  a  ton,  (6)  2  tons  5  cwt.  at  i8j. 
a  ton,  (t)  70  tons  2  cwt.  at  5^.  a  ton. 

3.  (a)  16  lbs.  at  IS.  gd  a  cwt.,  (b)  14  lbs.  at  2s.  Sd  a  cwt., 

(f)  8  lbs.  at  28J.  a  cwt. 
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4.  (a)  8  oz.  avoirdupois  at  is.  lod.  a  lb.,  (i*)  4  oi.  at  is.  ^d.  a  lb.. 
(c)  3  oz.  at  lod.  a  lb. 

5.  (a)  The  rent  of  a  stable  for  3  months  at  £7.  i<x.  the  year, 
{6)  the  rent  of  a  house  for  6  months  at  ^11,  i$s.  otf.  the  year, 
(c)  the  rent  of  an  office  for  73  days  at  ^180  a  year. 

6.  (a)  II  yd.  at  31.  Sd.  a  for.,  (,*)  55  yd.  at  igs.  6d.  a  fur., 
ic)  2  chains  at  6.;.  Sd.  a  mile. 

7.  (a)  4  fur.  at  £23.  $s.  6d.  a  mile,  (^)  9  inches  at  2^.  3d.  a  yd., 
(c)  2  yd.  i3  in.  at  3^.  a  yd. 

8.  (a)  4  pints  at  101/.  a  gal,  (6)  i  peck  at  3s.  6d.  a  bush., 
(c)  4  bush,  at  45^',  a  quarter. 

9.  (n)  25  packets  at  9>£  per  100,  (6)  48  pen  nibs  at  is.  3d.  per 
gross,  (i:)  250  bricks  at  321.  6d  per  1000. 

10.  (a)  12  grains  at  2jrf.  per  dwt.,  (S)  144  grains  of  gold  at  ^45 
per  lb. 

EXEBCISES  LXin.f. 

Find  the  value  of  each  of  the  following  quantities,  giving  the 
answers  true  to  the  nearest  penny  where  necessary  : 

1.  17  cwt.  2  qr.  21  lb.  at  {a)  £1.  los.  4A.,  at  (*)  £3.  i+r.  id. 
and  (c)  £7  per  cwt. 

2.  85  cwt  3  qr.  14  lb.  at  {a)  £2.  i6j.,  at  {ff)  £3.  17s.  and 
(0  £5-  W-  4d.  per  cwt. 

3.  160  tons  14  cwt,  1  qr.  at  (a)  ^o.  lis.  Zd.,  at  (*)  £2.  ^.  2d. 
and  {c)  £g.  6s.  Sd.  per  ton. 

4.  113s  tons  17  cwt  at  (a)  Ss.  grf.,  (d)  15J.  and  (c)  £3.  Ss.  lod. 
per  ton. 

5.  19  lb.  10  oz.  at  (a)  is.  %d.,  (b)  3s.  and  {c)  4^.  4d.  per  lb. 

6.  34  miles  6  fur.  at  (a)  £fi.  13s.  6d.,  (6)  ;£i8.  IJJ.  and 
(0.^47-  "J.  3<^.  per  mile. 

7.  84  m.  968  yd.  at  (a)  ^5.  12s.  6d.  and  (*)  £24.  6s.  3d. 
per  mile. 

8.  13  m.  65  ch.  at  (rt)  ^9.  los.  41/.  and  (A)  £S.  14s.  6d.  per  mile, 
ft.  47  in.  loi  poles  at  (u)  ^8,  los.  and  i^)  £17.  i8j.  9rf.  per  mile. 
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10.  59  yd.  as  in-  at  (a)  is.  4ii.  per  yd,  at  (*)  2S.  yt.  per  yd. 

11.  74  ac.  3  ro.  z;  sq.  po.  at  («)  £2.  16s.  4^.,  at  (o)  £4.  -js.  6d. 

12.  I  ro.  35  sq.  po.  at  {a)  £1.  4s.  8rf.  and  {*)  £2.  lot.  per  ac. 

13.  134  ac.  1331  sq.  yd.  at  (a)  £2.  SJ.  and  (*)  £z  per  ac. 

14.  (a)  73  gal.  5  pt.  and  (p)  28  gal.  3  pt.  at  u.  M.  per  gal. 

15.  («)  3689  qr.  3  bush,  and  (*)  974  qr.  5  bush.  2  pk,  at  4J.  Srf. 

16.  (u)  93;  pints  at  lorf.  per  gal.  and  (*)  495  bushels  at  fo.  id. 
per  quarter. 

17.  W  53  hr.  36  min.   labour  at  \Qd.  per  hr.  and  {b)  4435  min. 
at  T.S.  2H.  per  hr. 

18.  {a)  17650  bricks  at  ^1.  js.  6d.  per  1000  and  (A)  860  envelopes 
at  \s.  2d.  per  100. 

19.  (a)  43  lb.  10  oz.  of  silver  at  Jj.  6rf.  per  oz.  and  (rf)  1390  grains 
of  gold  at  £1.  1 8  J.  per  oi. 

EZEBOISES  1.X1V. 


1.  What  dividend  will  be  received  on  ^485.  8j-.  ^d.  at  4J.  6d.  in 
the^? 

2.  Find  the  value  of  763  mining  shares  at  1 51.  4f/i  per  share. 

3.  What  is  the  weight  of  546  yards  of  steel  rails  at  2  qr.  10  lb. 

4.  What  will  be  cost  of  covering  3S4  sq.  ft  with  lead,  running 
1 1  lb.  per  foot  super.,  at  ji^d.  per  lb.  ? 

5.  Find  the  railway  charge  on  the  transit  of  750  tons  14  cwt., 
for  90  miles,  at  %d.  per  ton  per  mile. 

6.  Find  the  amount  of  the  rates  in  the  year  on  an  assessment 
of /39,456.  loj.  at  2S.  lod.  in  the  /  for  ihe  1st  half  year,  and  2j.  8rf. 
in  the  3nd  half. 

7.  What  is  the  income  tax  on  an  assessed  income  of 
^1135.  i8j.  9d.  at  the  rate  of  7d.  in  the  £i 
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8.  A  field  of  24  ac.  3  ro.  30.  sq.  po.  yields  4  quarters  of  wheat 
jser  acre.     Calculate  the  value  of  the  wheat  at  32J.  6^  per  qr. 

9.  A  hay  rick  measures  1656  cubic  ft.  ;  find  its  value  at 
4  guineas  a  ton  when  12  cubic  yd.  weigh  I  ton. 

10.  Find  the  estimated  weight  of  coal  in  a  taking  of 
54  ac.  3  ro,   18  sq.  po.  at  14,520  tons  per  acre. 

11.  Copper  being  sold  at  ^72.  p.  fid.  per  ton  and  brass  at 
^£'48.  loj.  9rf.,  how  much  dearer  is  6  cwt.  60  lb.  of  copper  than  brass? 

12.  Find  the  distance  run  by  an  express  train  starting  at  10.56 
a.m.  and  reaching  its  destination  at  3.45  p.m.  the  same  day,  at  (be 
rate  of  58  miles  800  yd.  per  hour. 

13.  What  weight  of  water  does  a  cistern  hold  when  it  contains 
9  cubic  ft.  648  cub.  in.  ?    (1  cubic  foot  of  water  weighs  62-5  lbs.) 

14.  What  is  the  half-year's  rent  for  3  gardens,  each  2  ro.  25  sq. 
poles,  at  ^3.  ji.  id.  per  acre  per  year? 

15.  A  merchant's  debts  are  ^2375.  18^.  >)d.,  but  he  is  only  able 
to  pay  a  dividend  of  12J'.  lod.  in  the  pound.  What  is  the  value  of 
his  assets  ? 

16.  The  shares  of  a  company  are  quoted  one  day  at  ^32^,  and 
at  the  end  of  a  week  they  have  fellen  to  ^29^.  What  difference  in 
value  does  this  represent  to  a  man  holding  96  shares  ? 

17.  What  is  the  value  of  a  gold  chain  weighing  1  oz.  12  dwt, 
18  grs.  at  £i.  i6s.  od.  per  oz.  ? 

18.  What  is  the  yield  of  a  field  of  12  ac.  36  sq.  pa  at  the  rate  of 
4  tons  13  cwt.  70  lb.  per  acre  ? 

19.  What  is  the  cost  of  enclosing  a  square  field  of  436  yards  side 
with  wire  rope,  running  3  lb.  to  the  yard,  at  7s.  per  cwt.  ? 

20.  Find  the  duty  on  the  following  imported  articles.  (Employ 
whatever  method  you  think  most  suitable.) 

ifl)  il'i'^  Ih.  of  coffee  ;  duty  2d.  per  lb. 

{b)  1796  gal.  of  brandy  ;  duty  i  is.  ^d.  per  gal. 

{c)  96,736  cwt.  of  sugar  ;  duty  is.  a4-  per  cwt. 

(_d)  3674  cwt.  of  crystallized  fruit ;  duty  4J.  2rf.  pier  cwt. 

(e)  189  tons  9  cwt.  14  lb.  tea  ;  duty  6rf,  per  lb. 
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(/)  4  tons  6  cwt.  6  lb.  cigars  ;  duty  6s.  per  lb. 

(s)  3^1^94  ">■  cigarettes  ;  duty  4s.  loi/.  per  lb. 

(A)   15  tons  17  cwt.  tobacco  ;  duty  y.  lod.  per  lb. 

(i)   2  tons  13  cwt.  z  lb.  snuff;  duty  4J.  4//.  per  lb. 

(_;■;  178  tons  16  cwt.  unmanufactured  tobacco;  duty  3J.  3rf.  per  lb. 

(*)  9872  gal.  sparkling  wine  ;  duty  2S.  6d.  per  gal. 

21.  Find  the  excise  duty  on  : 

(u)  198,700  gal.  beer  ;  duty  ys.  gd.  per  36  gal.  (to  nearest  id). 

(.i)  783  ions  glucose  ;  duly  2s.  gd.  per  cwt. 

(c)  187  cwt.  saccharine  ;  duly  is.  3d.  per  ounce. 

22.  Income  Ta-x  being    calculated  according    to  the  scheme 
below,  find  the  net  income,  gross  income,  or  tax,  in  the  following 

Property  amd  Income  Tax. 
Schedule  C,  D  and  E,  Income,  is.  in  Che  £. 

Exemption  and  Abatements. 
Income  not  exceeding  ^160  Exempt. 

Excd,  Not  Eicd. 

£.  £■  £■ 

160  400  Abatement  of  160 


500 


150 


o™.i«™^ 

lw»m=T«. 

N.t  Ino™,.. 

(«) 

^450 

? 

1 

(«) 

f 

;i» 

? 

w 

> 

^31.  ■■«■ 

! 

w 

^1500 

? 

? 

w 

? 

? 

^760 

<J) 

? 

; 

iW^  ic». 
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23.   Estate  Duty  is  chatted  at  tbe  fbUowing  rates  : 


o  and  does  not  exceed 


'rt. 


75,000 

150,000 
250^000 


Find  the  Estate  Duty  paid  on  the  fbUowing  (true  to  the  nearest 


M  ef,i».  12,. 

M  ^189,764. 
W  ^1896. 
O)  ^178,981. 

W  ^734J. 


(«)  £iSS'6- 

(.)  ^689,124. 
(*)  X7631 .". 
«  /63I- 
(»)  ^3,189,761 


«  i:3637. 
(/)  ^S3!- 
«  ^600,807. 
»  ^a563. 


24.   Calculate  the  original  value  of  an  estate  if,  after  paying 


Estate  Duty,  its  value  1 
(")  ^396- 
(<0  Z73.710 

(Duty  at  the  rates  given  i 


s  beir,iv 
(6)  ^6596. 
(e)  ^4851 
(A)  ^51 8,00c 
Ex.23.) 


(^)  ;i:S432. 
(/)  ;£788l. 


44.   ERRORS   IN   DATA. 

In  numerous  cases  the  data,  that  is,  the  given  or  observed 
facts  or  quantities  available  in  a  calculation,  are  not  quite 
accurate;  for  example,  a  man  wishes  to  calculate  the  area 
of  a  rectangular  plate  of  metal ;   he   has  his  foot  rule  for 
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measuring  the  length  and  the  breadth,  and  with  this  he  finds, 
true  to  the  nearest  tenth  of  an  inch,  that  the  plate  is,  say, 
5-4  inches  long. 
4-5      „      broad. 
The  calculated  area  is  therefore  54  x  4-5  sq.  inches. 
Multiply  5-4 

4-5 


^4-3° 
The  area  works  out  to  be  24-30  square  inches. 
But  when  the  length  Is  taken  as  54  in.,  all  that  is  meant 

is  that  the  length  is  nearer  5-4  in.  than  either  5-3  or  5-5, 

and  similarly  that  the 

breadth  is  nearer  4-5 

in.  than  either  4-4  in. 

or  46  in,     The  length 

might       actually       l>e 

either  nearly  5-45  in. 

or    only   slightly   over 

5-35    in.,     while    the 

breadth  might  actually 

be  either   nearly  4-55 

in.    or    only    slightly 

over    4-45    in.      The 

difference  between  the 

greatest  and  lowest  value  for  the  area  would,  in  the  accompany- 
ing figure,  be  represented  by  the  shaded  figure   BDCC'D'B', 

which  clearly  has  the  area  of 

(5-35X'>-')  +  (4'4Sxo-0  +  <:>'Oi,  U.  g-Sxo-i  +  o-or 
=  0-98  +  0-01  =  0-99,  or  practically  one  sq.  inch. 
The   estimated  value   might  be   therefore   0-5  sq.  in,   too 

lai^e  or  too  small. 
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EXEBOISES  hXV.  a. 

\Apparalus :   Squared  Paper.     Malkematical  Instruments.'] 

1.  A  rectangle  is  measured  by  a  ruler  reading  only  to  0-2  of  an 
inch  ;  its  length  is  taken  to  be  3-6"  and  its  breadth  2'4*'.  Draw  the 
rectangle  according  to  these  measuremenls  ;  show  also  the  smallest 
rectangle  and  the  largest  rectangle  consistent  with  3-6'  and  2-4' 
as  the  nearest  readings  true  to  o-i" ;  find  the  difference  in  the 
areas  and  the  possible  error  in  taking  the  area  as  being  3-6"  x  2-4°. 
Verify  your  work  by  calculation. 

2.  With  an  ordinary  foot  rule,  divided  into  inches  and  eighths 
of  an  inch,  the  side  of  a  square  is  measured  and  taken  to  be  4^"  ; 
find  graphically  the  possible  error  in  taking  (4J)'  sq.  inches  as  the 
true  value  of  the  area. 

3.  A  rectangle  is  measured  by  an  ordinary  millimetre  scale  ;  its 
length  is  estimated  at  12-6  cm.,  its  breadth  6'4  cm.  What  error 
might  there  be  in  the  area  as  calculated  from  these  data? 

4.  A  circular  disc  is  measured  by  a  foot  rule,  graduated  to 
tenths  of  an  inch  ;  its  radius  is  taken  to  be  3'2  inches.  Find 
graphically  the  possible  error  in  working  out  the  area  from  this 
value  of  the  radius. 


EXERCISES  LXV.b. 

Note. — In  the  following  exercises  it  is  assumed  that  there  is  no 
knowledge  of  the  figures  beyond  those  given,  but  that  the  figures 
cited  are  the  most  correct  to  the  given  degree  of  accuracy. 

Thus,  37°  means  something  greater  than  3-65",  and  less  than 
375'',  i.e.  37"  is  nearer  to  the  correct  result  than  either  3-6'  or  3-8'. 

Hence,  37'  would  not  mean  exactly  the  same  thing  as  370', 
370"  meaning  a  length  less  than  3705",  greater  than  y^^t  '■^ 
370"  is  nearer  the  true  length  than  either  371"  or  3'69°. 
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1.  The  sides  of  a  rectangle  are  taken  to  be  68"  and  5-6° ;  find 
the  difference  between  the  least  and  greatest  possible  value  of 
the  area. 

2.  A  rectangular  block  is  measured,  and  the  following  values 

Length  12-2'', 

Breadth  87', 

Thickness  t-o". 
What  is  the  greatest  possible  volume  of  the  block,  and  what 
its  least  volume  ? 

3.  The  contents  of  a  rectangular  cistern  are  calculated  from 
measurements  of  its  dimensions  ;  these  are  taken  as 

100-2  cm. 

504  cm. 

40-6  cm. 

What  error  may  exist  when  its  contents  are  expressed  in  litres? 

4.  The  dimensions  of  a  rectangular  grass  plot  are  measured  by  a 
chain,  and  are  found  to  be 

10  ch.  12  links^ 

8  ch.  18  links  I  '^'^^^^'^  ^^"  ""'y  ^  ""^  '^  ^'**  '"=^"^'  ''"''■> 
Find  the  difference  between  the  least  and  greatest  possible  area  as 
deduced  from  the  a 


5,  The  sides  of  the  following  squares  are  measured  with  a  plain 
scale  graduated  to  tenths  of  an  inch  ;  find  the  least  and  greatest 
values  of  the  areas ; 

(")  3  ft  4-5  inches,    (*)  11-2  inches.    (1:)  1  ft.  6-8  inches. 
{d)  2  ft.  o-i  inch.       (e)  25-3  inches.    (/)  5  ft,  o  inches. 

6.  The  length  of  a  rectangular  block  is  measured  and  taken 
as  7'9  cm.,  its  breadth  4-6  cm.,  thickness  3-4  cm.  and  specific  gravity 
is  estimated  at  8-8.  Find  the  limits  to  the  possible  weight  of  the 
block  in  grams. 

(By  ipedflc  Entvlty  is  meant  the  number  obtained  by  dividing 
the  weight  of  any  volume  of  the  substance  by  the  weight  of  an 
equal  volume  of  water.) 

J.M.A.  R 
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7.  Evaluate  in  the  same  way  the  lim 
in  grams  of  the  following  blocks,  stating  thi 
place  only ; 

Length.  Breadth.  Thickn 

(a)  30-2...  cm.         103,. .  cm.         5-0...  1 
(S)  18s  121  4-3 

(c)  20-5  lo-s  6'i 

(rf)  i6-i  i6-i  i6-i 

(e)  13-2  I3'2  13-2 

(/)  601  40-4  '^0-9 

8,  A  sheet  of  metal  is  weighed  and  tound 
its  length  is  measured  and  taken  as  ao-2...  cr 
cm. ;  iis  specific  gravity  is  taken  as  7'2.... 
thickness  in  millimetres. 


i  to  the  possible  weights 


0643 

to  be  33-24"  grams; 
1.  and  breadth  lO'i.. 
Find  the  limits  to  its 


g.    Find  the  limits  trui 
n  the  following  blocks  : 


ii  cm.  to  the  values  of  the  thickness 


(a)  763-5  cc.  181  cm. 

(5)  1000-3  c-*^-  200  cm. 

ic)  19762  cc.  35-9  cm. 

(d)  968-0  cc  29-5  cm. 

(e)  64'5  cc  81  cm. 
(/)  ii8-6c.c  10-2  cm. 

10.  In  order  to  calculate  the  length  of  w 
ing  operations  were  performed  : 

(a)  The  coil  was  weighed. 

(i)  A  piece  of  wire  was  cut  off  and  i1 

(c)  The  piece  of  wire  was  weighed. 
If  the  weight  of  the  coil  was  976-35...  grams,  the  piece  of  wire 
100-5...  ^'^  ^'^"S  ^i)*^  '-^3  gtams  in  weight,  find  the  limits  to  the 
length  of  the  wire  in  the  coil  in  cm. 

11.  At  a  school  sports,  the  time  for  the  winner  of  the  100  yds. 
race  was  given  as  iij^  sees.  If  this  time  was  taken  by  a  stop- 
watch reading  to  the  nearest  fifth  of  a  second,  find  the  limits  to  the 
speed  of  the  boy  in  miles  per  hour.  (Neglect  errors  in  the  length 
of  the  course,  the  personal  errors  of  the  time-keeper,  etc) 


4-6  en., 
a  coil,  the  follow- 


s  length  determined. 
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{Apparatus:  Blockt.    Balance.     Plates  of  Metal.     Wire\ 
[When  it  is  not  convenient  for  the  following  operations  to  be 
peifbrmed  by  the  class,  they  may  be  made  by  the  teacher,  and  the 
results  given  to  the  class.] 

1,  Find  the  specific  gravity  of  the  given  block  from  measure- 
ments of  its  weight,  length,  breadth  and  thickness.  Show  clearly 
the  limits  to  the  possible  value  of  the  specific  gravity. 

2,  Find  the  weight  of  the  given  piece  of  metal  in  and  out  of 
water  ;  find  the  loss  of  weight  when  weighed  in  water,  also  the 
ratio  of  the  weight  of  metal  to  the  loss  of  weight  in  water  ;  indicate 
in  your  answer  those  figures  the  accuracy  of  which  you  can  rely 

3,  Find  the  volume  of  the  given  rectangular  plate  of  metal  by 
(a)  finding  the  volume  of  water  it  displaces  ;  (*)  measuring  its 
length,  breadth  and  thickness ;  find  the  limits  to  the  values- 
according  to  the  two  methods,  and  point  out  which  is  the  more 


4.  Measure  the  volume  of  the  given  wire  by  {a)  finding  the  loss 
of  weight  in  water ;  (fi)  finding  its  length  and  cross  section. 
Estimate  whether  the  difference  in  the  values  found  by  the  two 
methods  is  greater  or  less  than  it  ought  to  be. 


46.    APPROXIMATE  OR  CONTRACTED 
MULTIPLICATION. 

It  has  been  shown  that  not  only  is  it  unnecessary  to  carry 
calculations  beyond  a  certain  point,  but  that  generally  the 
data  supplied  are   not  absolutely  correct.     Special  methods 
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are  therefore  usually  employed  for  shortening  processes  of 
calculation.  One  of  the  most  general  and  useful  is  that  of 
contracted  multiplication. 

Example. — Find  the  volume  of  a  hhek  the  length  of  which 
is  18-23",  i"^o^h  1716",  thickness  14-12"  {each  true  to  o-oi"). 

Proceed  by  multiplying  out  the  product  of  18-23,  •7"'5< 

14-12- 

18.23 
1716 


182-3 
[27-61 

1-823 

10938 

312-8268 

I4-" 

3128-268 

1251-3072 
31.28268 

6256536 

4417114416 

The  volume  would  therefore  be  4417114416  cubic  inches. 

Now,  not  only  would  it  probably  be  unnecessary  to  know 
the  volume  to  its  millionth  part,  but  a  large  number  of  the 
figures  in  the  multiplication  are  absolutely  wrong. 

For  the  length  is  not  really  18-23  '"■  exactly;  there  must 
be  figures  after  the  3.  Call  the  ist  of  Such  figures  a. 
Similarly  in  the  breadth  there  probably  is  an  unknown  digit 
b  after  the  6;  and  an  unknown  digit  fin  the  expression  14-12 
for  the  thickness. 

Go  through  the  multiplication  again,  marking  those  figures 
which  are  probably  wrong  with  a  light  line  drawn  through 
them,  and  putting  an  asterisk  for  a  figure  (due  to  a,  i,  c,  etc.), 
about  which  we  know  nothing. 
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3ia8. 


7-6x*...     The    i    in    the    second    decitna)    place    is 
i-823a . .     probably  wrong,  as  when  digit  a  is  multiplied 

by  7  a  figure  would  have  to  be  carried  over. 
1'093?*-     Foi"  a  similar  reason  this  8  is  wrong. 
*****    Figures  exist  here  on  account  of  digit  b. 

Note  also  that  an  error  might  exist  in  the  8  in 
the  fiist  place  of  decimals. 


14- 

•aSl^l^V* 


4417-XX^XXl^** 


Clearly  no  reliance  can  be  placed  on  any  of  the  decimal 
figures,  while  the  7  in  the  units  place  is  not  to  be  relied  upon 
as  absolutely  correct. 

The  work  might  therefore  have  been  shortened  by  omitting 
figures  for  which  no  authority  exists. 

Thus  r  i8->S 

1716 


Here  only  iS'2  is  multiplied. 


Multiply  only  312-8. 


No  figures  are  set 
down  beyond  the  and 
decimal  place ;  the  2nd 
decimal  place  result,  2, 
is  not  correct ;  neglect 
it  therefore  in  evalu- 
ating the  next  product 


This  9  is  wrong,  but 


being  certainly  greater  than  5  the  result  is  taken  as  4417. 
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Even  if  the  given  figures  to  be  multiplied  are  absolutely 
correct,  the  product  may  only  be  required  to  a  certain  degree 
of  accuracy.     Thus ; 

Ta  find  the  product  of  313-4567  and  518-4374  trve  to 
2  decimal  places. 

3i3-4Wt 
518-4374 


156728-35  Figures  in  the  3rd  place  of  decimals  will 

3134-567  certainly  affect  the  result  in  the  and  place. 

Figures   in   the   4th   place    may   affect 
2507-6536  those  in  the  ziid. 

Now  strike  out  the  7  in  the  multiplicand, 
125-3817  but  since  4x7,  i.e.  28,  is  nearer  30  than 

20,  carry  a  3. 

Now  strike  out  the  6  in  the  multiplicand, 
94037  but  carry  a  2,  since  3  x  6  is  nearer  20  than 

2-1942  Now  strike  out  the  5  in  the  multiplicand, 

but  cany  on  a  4,  since  7  x  5  + .  -  ■  is  nearer 
40  than  30. 


The  result  is  162507-67,  where  7  is  the  actual  figure;  or 
162507.68,  where  8  is  the  nearest  figure  in  the  2nd  decimal 
place. 

More  frequently  it  is  required  to  evaluate  results  true  to  a 
certain  number  of  significant  figures,  e.g.  if  the  result  reaches 
to  millions,  units  may  be  of  small  significance,  whereas  if  the 
result  is  very  small  millionths  may  be  important 


;dbv  Google 


APPROXIMATE  OR  CONTRACTED   MULTIPLICATION    263 

Example. — Evaluate  876208  x  3i'6i43  true  to  a,  significant 
figures. 

In  most  of  these  cases  it  is  convenient  to  alter  the  form  of 
the  number  as  follows  : 

8762o8  =  S-762o8x  lo^  _ 
31-6243  =  3-16243  X  loi. 
The  product  is  8-76208  x  3-16243  x  10*,  and  if  we  work  true 
to  the  4th  decimal  figure  our  result  will  be  certainly  correct 

3-16243 


26-28624 

■87621 

■52572 

1752 

3SO 

26 

27.70914^ 

The  product  is  therefore   27-70945  x  10^,  or,   true  to  the 
nearest  4th  significant  figure,  27710000. 

In  most  cases,  and  especially  where  the  calculations  are 
long,  it  is  desirable  to  test  roughly  whether  the  answer  found 
is  a  likely  one.     Such  tests  should  be  mental. 
Thus  876208x31-6243 

=  8-76208  X  3-16243  X  10". 

8-76208  is  slightly  over  8f. 

Now,  8  X  3-i6  is  slightly  over  25- 

I  of  3-16  (nearly  |  of  3-2)  is  about  2-4. 

The  answer  is  near,  therefore,  to  (25  +  2-4),  i.e.  27-4  millions. 

Or,  it  might  have  been  reasoned  that  0-16245  is  "early  ^. 

3  times  8-762  is  26'3...  . 

\      „       8-76      „      1-4,,.. 

The  answer,  therefore,  is  27-7  millions  'about' 
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EXERCISES  hXVl.  a. 
Hental  or  OraJ. 
Evaluate  the  following  to  the  degree  of  accuracy  stated : 

1.  981  X99  to  the  nearest  1000. 

2.  336x650  to  a  significant  figures. 

3.  801  X4ZO  to  3  „ 


4.    4- 


io'x2X3-i4i  to  3  significant  figures. 
9;8xi67        to  2  significant  figures. 


7.  0-842x4976 

8.  693-2x3358 

9.  oo628xo<i;oi8 

10.  1764x996 

11.  4018x7492 

12.  2497xo<>B6s3 

13.  38600x0-02496 

14.  36-18x110896 

15.  248  X  4' 1 247 

16.  7496x3987 

17.  934x101 

18.  696x5-167 

19.  333x3997 

20.  876  X  0-0002004 

21.  119x0-374 

22.  128200x0-8748 

23.  3624x0-00498 

24.  998x6-049 
26.  397x7-332 
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EZEBOISES  LXVI.  h. 

Note. — The  figures  given  are  approximate  only. 
1.   Find  the  weight  of  a  block  of  aluminium  bronze  56433... 
cubic  centimetres  in  volume,  the  weight  of  each  cubic  centimetre 
being  8'372..,  grams. 


2.   The  following  is  an 
for  the  year  1903  ;  find,  a 


and  deaths  in  each  t( 


t  from  a  table  of  births  and  deaths 
rately  as  you  think  the  data  allow 
etc.),  the  actual  number  of  binhs 


Ciliu,  Boroughs,  ind  Urbui 

PO.U.™. 

Rado  per  1000.        ] 

^      Dll«i^. 

Binhs. 

Daihs. 

(") 

London  (the  Metropolis)  - 

4,613,812 

28-4 

iS-7 

(*) 

Aston  Manor     - 

79.417 

28-7 

13-9 

V 

Birkenhead 

113,598 

30-8 

i6-B 

id) 

Birmingham 

533.039 

3.-8 

1 7^8 

{^) 

Blackburn 

131.218 

zs-i 

'5-7 

</) 

Bolton 

173.401 

z;.o 

"7-5 

(?) 

Bootle       - 

60,761 

33-0 

19^ 

(A) 

Bournemouth    - 

63,132 

17-8 

(.'■} 

Bradford  (Yorks) 

283,412 

23-3 

16.4 

^■> 

Brighton  - 

125.405 

243 

14-3 

(k) 

Bristol 

338,895 

27-4 

14-3 

/'J 

Burnley     - 

99.469 
172,598 

27-2 

19-2 

(«) 

Cardiff      - 

305 

140 

S.   The  chemical  composition  of  dry  a 


Nitrogen 

78-40  per 

cent.        75-95  per  cent. 

Oxygen  -        -        - 

20-94 

23-10        „ 

Aigon    - 

063 

,                o-go        „ 

Carbon  Dioxide     - 

0-03 

oK)5        „ 

Find  the  volume  of  nitrogen  in  a  roo 

m  6-32...  metres  long,  5-46 

metres  broad  and  3-27... 

metres  high. 

State  your  answer  true  to  th 

nearest  cubic  metre. 
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4.  The  length  of  a  railof  iron  is  24-321 ...  ft.  on 
A'ill  be  its  length  on  a  day  when  each  foot  of  the  ir 
:d  a  length  of  i'O05Z4...  ft.  ? 


t  cold  day ;  what 
•n  has  expanded 


6.  What  will  be  the  yield  in  ounces  of  gold  from  16,800  tons 
4  cwt.  (to  the  nearest  cwt)  of  ore,  if  each  ton  contains  3-426...  oz. 
of  gold  ? 

6.  The  chemical  changes  which  have  taken  place  during  the 
conversion  of  vegetable  matter  into  the  several  varieties  of  coal 
may  be  seen  by  a  comparison  of  their  percentage  analyses,  as 
given  in  the  following  table : 

Wood  (Oak)      - 

Peat  (Irish) 

Lignite  (Bovey  Tracey) 

Bituminous  Coal  (Newcastle),    ■ 

Steam  Coal  (South  Wales) 

Anthracite  (South  Wales)  - 
Find  the  weight  of  carbon  in  the  Bituminous  coal  brought  up 
from  a  seam  5  acres  in  area  and  of  average  thickness  59-1--.  in., 
assuming  that  each  cubic  yard  of  coal  in  the  mine  yields  1  ton  at 
the  pit  mouth. 

7.  The  height  of  the  barometer  decreases  as  the  elevation 
above  the  sea-level  increases.  Change  the  following  table  into 
one  where  the  height  of  the  barometer  is  in  inches  and  the 
elevation  in  feet  (assume  that  i  niette=3g-37  in.) : 


Carbon. 

Hydro. 

0.yg«n 

% 

% 

%' 

-          4894 

5-94 

45'i 

55.62 

6-88 

37-'; 

69.94 

5-95 

34-1 

-          88.42 

S-bi 

^■9 

92-10 

;.28 

2-b 

94-05 

3-3a 

2.5 

Elevation  in  metres  \ 
above  sea-leveL      J 

0 

100 

200 

300 

400 

Soo 

Height  of  baroraeterl 
in  millimetres       / 

760 

75' 

742 

733 

724 

716 

8,  Whatisthenumber  of  cubic  metres  of  air  in  a  room  6-426... 
metres  long,  5-821...  metres  broad,  3.872...  metres  high?  (State 
answer  to  the  nearest  trustworthy  figure.) 
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9.  The  length  of  the  stroke  of  the  piston  of  a  steam  engine  is 
i6"-oo  and  the  number  of  strokes  made  per  minute  is  148.  Find 
the  actual  travel  of  the  piston  per  hour,  expressed  to  the  nearest 

10.  Find  to  the  nearest  tooo,  the  number  of  bricks  in  a  rect- 
angular kiln  the  internal  dimensions  of  which  are  23  ft.  long,  14  ft. 
wide  and  11  ft.  high,  assuming  each  brick  to  occupy  100  c.  in. 
and  deducting  a  space  of  0-6  per  cent,  of  the  capacity  for  setting 
the  brick. 

Evaluate  the  following  to  the  degree  of  accuracy  stated.  (In  the 
following  examples  the  figures  given  are  supposed  to  be  exact.) 


11 

{625-o24>'                            true  to  un 

ts'  place. 

12.   872.i256x37S'2i64 

,         IS 

decimal  place. 

13.   963-34x64234 

,        IS 

»          0 

14.   (172-131)* 

,      ne, 

irest  unit. 

16.  {4-18765  P 

,     4th  decimal  place. 

16.   89-oo6x9i-o83x  103-025 

„        IS 

.. 

17.   3-867 X 3424 xii 

,      2nd      „          „ 

18.    103-6x102.1x93.8 

,      un 

ts'  place. 

19.  (loa)* 

,      4th  decimal     „ 

20.  (208.)' 

,      3nd       „           „ 

21.   892-562x2-018643            tru 

to  5 

ignificant  figures. 

22.    I02-345X  97-655 

;      S 

„ 

23.  324-613  XJ33-475 

>      4 

r, 

24.   791-82x36325 

.      5 

1.                 " 

25 

36-2345x998-75 

•      4 

,, 

26 

897699  ^  '9-9891 

.     6 

>• 

27 

7789-13x234-56 

,     4 

,1                 It 

28 

3456-2  X  1903 

>      5 

11 

29 

3876  X  1 040 1 

.     3 

»              n 

30 

9969x8858 

.     4 

1. 
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46.    CONTRACTED   DIVISION. 

For  reasons  similar  to  those  described  in  the  case  of 
multiphcation,  contracted  methods  are  often  employed  in 
division. 

Example  a, — To  find  the  weight  per  foot  of  a  cable  when  it 
is  known  that  a  piece  estimated  as  a35'Z4...  ft.  long  weighs 
928-34...  B>S. 

The  fraction    ? — ^*'"'   must    be    evaluated,   and    in  all 
235.24... 
probabiUty  figures  should  follow  the  4  in  the  numerator  and 
also  the  4  in  the  denominator.     Suppose  the  figures  following 
are  o^...  in  the  numerator,  a.^...  in  the  denominator. 


928'34ij^. . .      9'2834a^. . . 

235^24^^  *"  2-3524a/3..." 


3-946 


2-3S24'>/3|9-2834aA: 


.  (  The  2  may  not  be  correct,  since  a  figure 

^'°  I      may  be  carried  over  from  the  a x  3. 

g,  /The  figure  to  be  brought  down  is  probably 

^  \     not  a  zero ;  it  is  represented  as  a. 


141144 
^§15  Without  a  sii^le  correct  figure. 
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So  far  as  the  quotient  is  concerned,  notice  that  the  correct 
igures  are  the  same  as  if  the  following  process  was  adopted. 
3-94IS 


Instead  of  bringing  down  a  zero,  cut  off 

the  last  figure  in  the  divisor,  but  carry  on 
a  4  in  multiplying  by  9. 

So  cut  off  the  last  figure  a  in  the  divisor, 
carry  a  i,  since  the  4x2  is  nearer  10 
than  o. 

Similarly  cut  off  the  5. 


It  is  not  necessary  to  set  down  the  divisor  each  time  ;  the 
last  digits  might  merely  be  crossed  out  lightly,  while  the 
procedure  of  the  Italian  method  might  also  be  adopted.  The 
example  appears  thus : 

3-946  =  Quotient. 
2-35X^)9-*834 


A  similar  process  is  used  when  the  divisor  and  dividend  are 
supposed  exact,  but  where  the  result  is  required  true  to  a 
certain  number  of  significant  figures,  or  to  a  certain  number  of 
decimal  places. 

Example  b. — Evaluate  89356432  -=-  234643  true  to  4  signifi- 
cant figures. 

89356432 -r234643  =  893.s6432  + 2.34643. 
Arrange  as  in  Short  Division, 
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g--..  I  893-56432 
abc-de 

The  digit  {a)  of  highest  place  value  in  the  answer  is  a 
hundreds  digit;  the  fourth  {d)  is  in  the  first  place  of  decimals, 
and  the  fifih  (f)  in  the  second  place  of  decimals.  This  digit  {e) 
is  determined  by  the  fifth  significant  figure  (6)  in  the  dividend, 
and  the  figures  432...  beyond  this  might  have  been  regarded 
as  unknown,  so  we  follow  the  method  used  in  Ex.  A. 

(To  know  the  result  true  to  the  4th  significant  figure  {d),  it 
must  be  known  whether  the  5th  significant  figure  («)  is  greater 
or  less  than  5.) 

Example  c. — Evaluate  29356432 -!- 834643  true  to  4  sigmfi- 
cant  figures. 

Arrange  as  in  b,         8-...  I  293-56432 

ai>-cde 
It  is  clear  that  six  significant  figures  must  be  written  dowQ 
in  the  dividend.     It  will  be  safer  to  proceed  thus  in  all  cases : 
Write  down  the  dividend  to  two  significant  figures  beyond  the 
number   of  significant   figures  required   in   Che  answer,  and 
proceed  as  in  Ex.  a. 
The  work  in  b  would  therefore  appear  as  below. 
Thus  380-8      =  Quotient. 

2-3464X  |893-56it 
2-346  189-63 
2-34  1-92 

2-3  1-92 

a  4 

Here,  and  always  in  future,  make  a  rough  approximation  to 
the  answer  first     Thus : 

89356432 -^ 234643  =  893-5-'-  -^ 2-34-"  . 

and  the  quotient  clearly  lies  between  446  and  297  (taking  as 

divisors  2  and  3),  and  it  is  nearly  the  same  as 

893-^23  =  about  \  of  2700 

=  380. 

Checks  of  this  kind  are  only  rough,  and  should  be  mentaL 
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Consider  another  rough  mental  calculation. 

345-632  X  24.365-^143-89 
3-456X  io«x  2-436X  io-=-(i-43!<  lo'') 
=  10  X  3456  X  2-436-^1-43. 
For  a  rough  guess  at  the  result,  replace  3-456  by  3-6 
2.436  by  2-4 
1-43    by  1.44 

The  result  will  not  differ  much  from       10x3.   x  2.4 
1-44 
i-'!-  345-632  '^  24-365  -^  143-89  =  60  approx. 

If  the  answer  be  found  very  much  smaller  or  very  much 
larger  than  this,  an  error  has  probably  taken  place. 

Later  on,  methods  will  be  given  for  approximating  still 
more  accurately. 


B£EBOISES  LXVU. 

1.  What  is  the  specific  gravity  of  a  substance  the  weight  of 

which  in  air  is  819.334...  grams  and  weight  in  water  is  692-456... 

2.  Find  the  number  of  gallons  of  water  in  a  rectangular  cistern 
measuring  12  ft.  5  in.  long  by  8  ft.  4  '"-  broad  and  6  ft  o  in.  deep, 
assuming  277-264...  a  in.,  to  the  imperial  gallon.  (Slate  your 
answer  to  the  nearest  unit.) 

3.  What  weight  of  steam  will  be  used  per  minute  in  filling  a 
cylinder  the  capacity  of  which  is  1924  cubic  inches,  if  the 
piston  makes  50-0  strokes  per  minute,  and  if  4-33  cub.  ft.  of  the 
steam  weighs  1  lb.  ? 

4.  If  a  metre  be  39.37011...  inches,  convert 
(17)  2394.622  inches  into  metres,  etc. 

(b)  8  metre,  z  dm.  3  cm.  42...  mm.  into  ft  and  inches. 
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fi.   Find  the  rati' 
moimt  of  carrying  w 


of  the  weight  of  sediment  carried  t 
ter  in  the  following  rivers  : 


of™bkft.per«c 

Annual  Discharge  of 

RilEo. 

Danube 

Nile 

Rhine 

3IS 
"3 
65-8   . 

108  million 
54  million 
36  miUion 

'; 

State  your  answer  in  the  form  i  -.x,  where  x  is  the  weight  of 
water  for  every  unit  of  sediment  carried.  (Assume  the  weight  of 
1  cub.  fl:.  of  water  to  be  62-5  lb.) 

6.  Find  in  how  many  years  the  drainage  area  of  the  following 
rivers  would  be  lowered  by  an  average  amount  of  i  foot,  on 
account  of  the  action  of  the  water : 


7.  Find  the  circumference  of  a  circle  the  radius  of  which  is 
89-324fL      (a-=3i4i59--) 

8.  Find  the  circumferences  of  the  circles  the  diameters  of 
which  are 

(a)  318-12...  (b)  9-9S2I...  (c)  8202-1... 

{d)  0-26002...  (e)  66211  if)  33-9I4- 

9.  Find,  as  correctly  as  your  data  will  allow,  the  radius  of  a 
wheel  the  circumference  of  which  is  48-256  inches.     (ir=  3-14159.., .) 

10.    If   a    Norwegian    mile    be    ii'299    kilometres   or   7-021.,. 
English  miles,  express  an  English  mile  in  kilometres. 


(0 
AnaofBaimbSquBie 

Annnii]  tMsdiHpe  of  Stdi- 

Mississippi  - 

Danube 

Upper  Ganges     - 

Po       -        -        . 

Rhone 

1,147,000 
234,000 
143,000 
30,000       . 
25,000 

7,459,000,000 
1,253.739,000 
6,368,077,000 
1,510,137,000 
600,382,000 
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47.   SQUARE   ROOT. 

When  12  is  multiplied  by  i3  the  product=  144,  or  12'=  144. 
144  is  the  BQuaie  of  iz,  and  ix  is  called  the  sanaie  root  o( 
144;  represented  symbolically,  12  = -J  14^. 

Similarly,        3  =  \'9)        o-i=-Jo-oi,        i  =  Vj. 

Extracting  sanare  roots  br  &ctorlziii«. 
Example. — To  o6tatn  the  square  root  of  435600. 
Split  up  435600  into  its  prime  factors; 

is  obtained. 

■'■  4356oo  =  (3  X  2^ X  5  X  ii)(3  X  2^ X  5  X  11) 
-■.  V43S6oo  =  3>«2*>'S><  ri  =  66o. 

EXEBCI8ES  LXVni.  a. 
Kental  or  OnO. 

1.  State  the  numbers  of  which  the  following  are  the  square 
roots:   1,2,...,  iz,  13.  14, -ao. 

2.  What  must  be  the  last  digrit  of  any  number  havinj;  an  exact 
square  root  ? 

EXEBOISES   LZVni.  b. 

Obtain,  by  factorizing,  the  square  roots  of 

1.    1764.  2.   44100.  3.    5625.  4.    53361. 

6.   7056.  6.    120.  7.    2304.  8.   2371600. 

9.   2916.  10.  3969.  11.  46656.         12.  4356, 

13.  65536.         14.   1334025.     Ifi.  36864. 


EXEROISES   LXVin.  c. 
■•ntal  or  Ond. 
How  many  digits  will  there  be  in  the  squares  of 
>>  8,  ■  {*)  13,    ic)  386,    (rf)  89765,    U)  13692,    {/) 
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2.  How  many  decimal  places  in  the  squares  of 

{a)  O'S,  {b)  o<A,  (<:)  0.000636, 

(d)  0-2062,  [ij  0-5683,  (/)  0-00073? 

3.  How  many  digits  will  there  be  in  the  integi'ai  and  decimal 
portion  of  the  squares  of 

(a)  2-6,    (^)  3-0O6,    (c)  563-C082,    (rf)  763-0063,    (^)  23.86745? 

4.  How  many  digits  will  there  be  in  the  sqimre  roots  of 
{a)  64,  (*)  121,  (c)  169,  id)  289, 
W  9,             t/)  3969,              (g)  46656,  W  44100? 

5.  How  many  decimal  places  will  there  be  in  the  square  roots  of 
the  following  (each  of  which  has  an  exact  square  root) : 

(0)0-64,       (*)  0-0064,  W  00324,  (^0-046656? 

6.  State  the  number  of   figures    in   the  integral  and  in  the 
decimal  portions  of  the  square  roots  of 

{fl)  39-69.     (^)  4-6656,     [c)  29-8116,     (rf)  533-6r,     W  530-8416. 


Genual  U«tlioiL 

Graphic  Illustration.     Suppose  the  square  ABCD  represents 

the  number,  and  that  it  is  known  that  AArrf,  representing  say  rfi, 

is  very  nearly  equal  to  it,  so  that  »  is  a 

sort  of  first  guess  to  the  square  root  of 

the  number. 

The  problem  is  therefore  to  find  the 
additional  amount  ^B,  representing  say 
X.  which  has  to  be  added  to  n  to  obtain 
the  required  square  root. 

From  the  figure  it  is  clear  that  what 

is  wanted  is  a  number  x,  such  that  twice 

the  product  of  x  and  n,  together  with 

"'  the  square  of  x,  is  equal  to  the  difference 

between  the  square  of  n  and  the  given  number. 

Further,    that    ABCD  -  Mtcd    is    very    nearly    2«  x  x,    and 
therefore  that  x  is  suggested  by  (ABCO  -  A^i-rf)  -r  (2«). 

This  is  the  key  of  the  Arithmetical  Method  of  extracting 
square  roots. 
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Example. — To  aiahtaie  -J^ti^. 

Beginning  with  units  and  tens  digits,  divide  up  the  number 
so  far  as  possible  into  '  periods '  of  two  digits. 

5  =  Unitslportion  of  J^^i^  ; 
6o  =  Tens/\'   4225   lies   between  60^ 


Twice  60  = 

Add  the  5 


42^5 

3600 

625 

6=5 

.  =  4225  -  6o^;  4225  -  (6o)2-j- 120  sug- 
gests 5  as  units  digit. 


Multiply  13$  by  5, 


Since  there  is  no  remainder  65  =^4225, 


Example. — To  evaluate  ^10497  6. 

Divide  into  periods  as  in  the  preceding  example,  beginning 
with  units  and  tens  digits. 

4  =  Units        1  portion  of 
=  Tens  [7104975. 


300 


Twice  300  =  600 


620 
Twice  320  =  640 


644 
Since  there  is  ni 


10I49I76 


300  =  Hundreds j  v     104976    lies 

between  300^  and  400^. 
Set  down  on  right  and  left 

side  as  shown ;  multiply. 
...    =104976-300*;    division   by 

2  X  300  suggests  20  as  tens 

portion  of  ,/. 

Multiply  620  by  20. 

...  =104976-320*;  division  by 
640  suggests  4  as  units 
figure. 

Multiply  644  by  4. 


remainder  ^/I04976  =  324. 
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As  in  division  and  multiplication,  when  the  processes  are 
clear,  the  cyphers  are  omitted,  and  the  work  abbreviates  into 
3    2   4=Ans. 


■0I49I76 
149 
2576 


where,  on  the  right,  methods  similar  to  the  Italian  methods  in 
Division  have  been  adopted. 

There  is  no  difference  of  procedure  when  finding  the  square 
root  of  a  number  partly  integral  and  partly  decimal.  The 
following  is  an  example  worked  out  fully : 

T^viding  inio  periods  on  both  sidq  of  decimal  pt. 


add 


;e  7830: 


70CW    |6i|3J|8i|63|-3i|j9 
|_49000ooo      _ 

1     800    I 
14800    I  1 1  84  oo  00 

15630 
5660J, 


48|8i|63|.3i|92 


|92|63|-3i|92 
5661 


1566] 
=  15662  J, 

twice  15662-2  13131 '44 

783i!  =  is662.4  \    .,         |4|69lS7|i9 
•03/ 
15662-43  14698729 


-)-'S}-'3SoU: 


And  783i-23  =  «y6i328i63-3i29. 
Abbieviated,  the  pioceduie  would  be  as  follows: 
783    1-23 
7|6i|32|8i|63|-3l|29l 
148  1232 
1563       4881 
1 5661  19263 

15662-3         3602-31 
15662-43         469-8739 


7831    I 

78312% 
03/ 
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EXBSOISES   LXVin.  d. 

1.  Find  the  sides  of  the  squares  the  areas  of  which  are  : 

(a)  169  sq.  ft.        (*)  289  sq.  cm.  (c)  529  sq.  yards. 

(<^)  841  sq.  cm.      Wz209sq.  in.  (/)  2809  sq.  ft. 

2.  What  numbers  wheA  muhiphed  by  themselves  yield 
(a)  3364.  (6)  4096.  <<:)  5476.  (rf)  7225. 
(e)  7921-      (/)  8649-             Cf)  9409-  W  9801. 

3.  What  length  of  fencing  will  be  required  to  go  round  the 
following  square  plots  : 

(a)  15876  sq.  yds.     (i)  64009  sq,  yds. 
(rf)  191844  sq.  ft.        {f)  2 
i.    Evaluate 
(")  -^45 1584-  (*)  ■/S026Bi. 

(rf)  s^893o2S.  (e)  V4 1 65681. 

(.?)  */i6i44"324^        (A)  ^28 153636. 

(.;■)  n' 5035747369. 

C.    Find  the  square  root  of 
(a)  530-8416.  (^)  491 1-486724. 

(rf)  241690.2244.    («)  431649. 
C?)  0-00279841.      (A)  0-0006441444 
(/)  4096-896049- 

6.  A  company  of  soldiers  864  strong  is  to  be  formed  into  the 
largest  possible  solid  square.  What  is  the  number  in  the  side 
of  the  square ;  how  many  men  if  any  are  left  over  ? 

7.  What  length  of  wire  netting  will  be  required  to  enclose  a 
square  lawn  of  1  acre  area  ?    (Answer  to  the  nearest  yd.) 

8.  From  a  rectangular  piece  of  glass  19-4  cm.  long  and  14-8 
cm-  broad,  the  largest  square  piece  is  cut  off.  What  is  the  area  of 
the  remaining  rectangle,  and  what  of  the  square  ? 

9.  Three  square  flower  beds,  of  4  ft.  6  in.,  5  ft.  9  in.,  and  7  ft 
9  in.  side  are  to  be  replaced  by  a  large  square  one  equal  in  area  to 
the  sum  of  the  three.  What  must  be  the  side  of  the  sqtiare  (true 
to  the  nearest  inch)? 


(c)  0-853776. 
(/)  905-43819025- 
(i)  0000079281216. 
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10.  A  rectangular  lawn  measuring  196  ft.  by  169  ft.  is  to  be 
replaced  by  a  square  one  equal  in  area  ;  what  is  the  length  of  the 
side  of  the  latter?  Compare  the  lengths  of  fencing  necessary  to 
enclose  each. 

11.  The  expense  of  a  party  during  an  outing  was  £1.  los.  id., 
and  it  was  found  that  the  expense  in  pence  per  head  was  equal  to 
the  number  forming  the  party.  How  many  formed  Che  party,  and 
what  was  the  expense  per  head  ? 

Square  Boots  of  Vulgar  Fmctioiis. 

The  following  methods  may  be  adopted  in  different  cases : 
(i)  Extract  the  square  roots  of  numerator  and  deno- 
minator separately. 

(z)  Change  into  an  equivalent  fraction  by  multiplying 

numerator  and   denominator   by  the   denominator  (this 

may  frequently  be  shortened). 

(3)  Change  into  a  decimal  and  extract  its  square  root. 

Method  (i)  is  of  use  when  both  numerator  and  denominator 

have  exact  roots. 

£XEBOiS£s  Lznn.  0. 

Evaluate  the  following  : 

(I)  -/Wi-        (2)  ^W_      (3)  Vffm- 
(4)  AisMs-     (s)  -J-^m^-     (6)  -Jmm- 

(7)  -Jm  to  two  decimal  places. 
'  (B)  -JWs  to  two  decimal  places. 
(9)  -JU  to  two  decimal  places. 


48.   INTEREST. 

When  a  sum  of  money  is  lent  to  a  Bank  (or  placed  on 

Deposit)  or  to  a  borrower,  the  money  paid  for  the  use  of  such 

sum  is  known  as  latereet ;  the  money  lent  is  frequently  termed 

the  FrmcipaL 
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In  the  Post  Office  Savings  Bank,  the  regulations  as  to 
Interest  are  governed  by  the  following  rule: 

"X.  Interest  at  the  rate  of  £^2.  loj.  per  cent,  per  annum 
is  allowed  on  every  complete  pound  deposited,  and  commences 
on  the  first  day  of  the  month  next  following  the  deposit,  and 
is  calculated  to  the  31st  of  December,  when  such  interest  is 
added  to  the  principal  and  begins  to  carry  interest  as  an 
ordinary  deposit" 

Example. — A  person  puts  sums  of  money  into  the  Post  Office 
Savings  Bank,  as  indicated  by  the  following  table : 


Dat,  ofDifosil 

A  mmnl  n/DifiiHI  in  v:trd) 
<n-  Numblr  0/  Warrml  infigMm,  lie. 

Amtmntqf 
Dtfiasil. 

igoi 
May  30 

August  4 
October  I? 

Thoo  pounds,  ten  shillings 
Three  pounds,  twelve  shillings 
Seven  pounds,  fifteen  shillings 

£.  s.  d 

2  10  0 

3  12  0 

7  15  0 

What  does  his  interest  and  principal  amount  to  at  the  end  of 
the  year  ? 

Through  June,  July  and  August  (3  months)  the  money 
bearing  interest  is  £2  [the  odd  shillings  do  not  bear  interest, 
while  the  ^3.  12s.  od.  will  not  begin  to  bear  interest  until 
September  1]. 

On^^iootheinterestfonamcmthsis       £2.  10s.  od. 
•'■    i>  .£100       „         „  3monthsis        £0.  \2s.  6d. 

.'■    »       £2       „         „  3monthsis-,V(;£o-  us.  6d.)i.e.  zd. 

After  September  i,  the  person  has  £6.  2s.  od.  in  the  Bank, 
£6  of  which  bears  interest  and  until  November  i  {2  months), 
he  therefore  receives  interest  on  the  £6,  and  the  amount  of 
this  interest  is  determined  as  before. 


'>■  rU(-^tof£^-  « 


:.  od.). 


,  or  6d, 
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From  November  i  to  the  end  of  the  year,  the  deposit 
bearing  interest  is  ^i^-    The  interest  on  this  for  2  months  is 

tA  of  T¥  of  ^2-   lOJ-  6^-.  '>■  -FSTS  of  ;^Z.   lOI.  od.  OF  131/. 

The  total  interest  is  therefore  [31/. +&f.  +  i3i^.],  ('.i;.  ij.  lorf. 
The  amount  to  the  person's  credit  at  the  end  of  the  year 
is  therefore 

£2.  los.  oJ.+£s-  I"-  od.+£^.  iss.  od.  +  £o.  IS.  lad., 
U.  £ij,.  i8j.  lorf. 

Here,   and   in   many  similar   cases,   the   interest   can    be 
calculated  more  quickly  as  follows : 
The  interest  on  £\  for  i  year  is  — ?-  of  £,\  or  dd.;  the 

interest  for  i  month  is  therefore  \d. 

Therefore  the  interest  is  (2x3  +  6x2  +  13x2)  half-pennies 
or;£o.  i^.  lorf. 

Similarly,  if  the  rate  of,  interest  had  been  5%  per  annum, 
each  £  would  bear  id.  interest  per  month. 


Find  the 
Bank  on  Dec.  31 


BXBBGI8ES  TrXTT,  a. 

due  to  depositors  in  the  Post  Office  Savings 
in  the  following  cases  : 


Amount 

W.™,..  «c. 

Number  of  WamuiB  in  Rguies.  elc. 

1903 

I    s.d. 

Jan.    10 

Eight  guineas     -        -        -        - 

3     8  0 

Mar.  17 

Eight  guineas     -        -        -        - 

880 

May  24 

Eight  guineas     -        .        -        - 

880 

July  31 

Ten  guineas       .        .        -        - 

10  100 

Sept.    7 

Ten  guineas       .... 

10   100 
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DucdT 

DepMiL 

3. 

wS.Fe,°^ 

S' 

1902 

£    s.     d. 

1903 

£  s.   ^ 

Feb.    3 

Feb.   17 

Mar.  10 

4    17    0 

Sept.  26 

7  16   0 

June  .6 

8   18    0 

Nov.  33 

990 

Dec.  .0 

5    14    0 

Example. — Tlfe  Aw^Sj  of  the  depositors  below  were  not 
forwarded  to  be  made  up  at  the  regular  time.  Find  the  amounts 
due  to  the  depositors  at  the  ends  of  the  last  years  in  which 
entries  are  quoted. 


1902 

Ten  pounds  onty 

£  s.d. 

February  15 

October  to 

Eight  pounds,  eighteen  shillings 

8  z8  0 

igo3 

January  7 

Eight  pounds  only 

800 

May  6 

Six  pounds,  fifteen  shillings 

6  IS  0 

July  16 

Mne  pounds,  twelve  shillings 

g  13  0 

In  1902  the  depositor  has  ;£io  bearing  interest  for  10  months 
and  £,Z  for  3  months. 

The  interest  is,  therefore,  (100+16)  halfpennies,  or  581/., 


'.  4J,  lod. 


.Jar 


1903.  is  £\i 


The  amount  to  his  credit  C 
+  41.  lod.,  i.e.  £19-  2J.  Tod. 
Of  this  sum  £iq  bears  interest. 
He  therefore  has  as  interest  in  r903 

[rgx  la  +  Sx  11 +  6  x  7  +  10  x  5]  halfpennies  =  i2j. 
At  the  end  of  the  year  the  amount  which  serves  as  principal 
for  1904  is 

£19.  IS.  iod.+£8  +  jC6.  iss.  +  £g.  12s.  +  12s., 
i.e.  £44.  IS.  lod 
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EXERCISES  LXIZ.  b. 

Find,  as  in  the  worked  example  on  p.  281,  the  amounts  due  to 
the  depositors  at  the  end  of  the  last  years  in  which  deposits  are 


Deposil  or  of 
Wamml,  «c. 

Deposit. 

DcfKUitoiof 

De^it. 

1902 

I    s.d. 

1 901 

/      ..d. 

Mar.  18 

Sept.  20 

1903 

1902 

Aug.  16 

8100 

Aug.    10 

14    0  0 

Nov.  16 

7    0  0 

Nov.     s 

12     0  0 

Dale  of 
Deposit  at  of 
Wartant.  etc. 

D„^t. 

I9OI 

I     s.d. 

June  3 

10    0  0 

1903 

20     0  0 

July  3 

10     0  0 

£ZEBCISES  LZIZ.  <^ 

Hental 

or  Oral. 

What  interest  will  accnie  to 

1. 
2. 
3. 
«. 

6. 
6. 

£SI>  in  .a  months  a 
^t     „     I        „ 

Of 

{.V,    3       .. 
^80  „    2       „ 
^80  „    1        „ 

2i%  payable  yearly? 

On  what 

um  will  the  interest 

imount  to 

7. 
8. 

9. 

la 
11. 
12. 

^i.       in  I  year  at 
K         „  .  mo. 

iQT.erf.  „  6  „ 

.!..          „  8     „ 

■  S«-       ,.  3    » 

2iZ  payable  yeaily? 
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In  how  many  months  will  the  interest  on 

13.  ^i,  at  2J  %  payable  quarterly,  amount  to  ^d.  ? 

14.  ilio,      „  „  „  ss.gd 

15.  £40,      „  „  „  los. 
l«.  £7,       „            ,,                  „            y-f>d. 

17.  £ii,     „  „  „  3*. 

18.  ^72.     „  ,,  ,,  li.  7s. 

Simple  Interest. 

In  most  cases  in  which  money  is  deposited  in  banks,  the 
interest  is  added  to  the  principal  at  fixed  intervals,  the  sum 
obtained  then  serving  as  the  new  principal.  Frequently  other 
arrangements  may  be  made,  in  which  the  interest-earning 
money  remains  unchanged ;  the  interest  chained  or  earned  in 
such  cases  is  known  as  Simple  Interest. 

The  following  worked  examples  will  illustrate  the  method 
of  procedure :  • 

Example. — A  person.  A,  lends  another,  B,  tke  sum  of  jQi^o 
for  ^^years,  at  2i  per  cent,  per  annum  Simple  Interest.  What 
interest  does  A  receive  during  that  time  f 

This  statement  means  that  for  every  ;£ioo  lent  to  B,  A 
receives  £,2\  yearly  as  interest  The  interest,  therefore, 
received  by  A  is  ^JJ  x  £,3)^  every  year. 

The  interest  received  by  A  in  4^  years  is  4^  x  ^  x  2^ 


=  A39'  7 J' 


6d. 


Example. —  What  is  the  simple  interest  received  on  ;^SI2. 

171.  6d.  in  2  years  3  months  at  $"/(,  per  annum.     State  the 

answer  true  to  the  nearest  farthing. 

Interest 

=  ;£S".  17J.  6<f.  X  tSo  in  I  year 
=  A5i2-875'^TBo><iin  a  yrs,  3  mo. 
=  A  34-6 1 9 
=  £ZA-  I"-  4K 


S"'875 
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Example. — At  what  rate  per  cent,  per  annum  will  the  simple 
interest  on  ^£475  become  £fo(>.  ios.  in  4  years  ? 

This  is  equivalent  to  asking  what  the  interest  would  be  oa 
;£ioo  in  1  year  under  the  above  conditions. 
Interest  on  £4"]$  in  4  years  — ;^66-5. 
„  „       I  year  =J  ol  £66-$, 

and        „  ;£ioo  in  i  year  =  iyg  of  J  of  66-5 

Hence  the  rate  per  cent  per  annum  was  3J. 

Example.— /a  what  time  would  a  man  have  received 
£2$.  los.  od.  as  interest,  if  he  lent  another  £126.  ^s.  orf.  at 
3%  per  annum  Simple  Interest? 

The  interest  on  ;^iz6.  51.  od.  in  i  year  at  3%  is  ^  of 
^126-25  =  ^:3.7875. 

r  37«alas5  . 

A  27750 

Hence,  the  time  required  is    ^^'^    years  "^, 

3-7875  '°' 

=  6733  years  36^^^^ 

=  6  yrs.  9  mo.  nearly  

=  6  yeajs  267  days.  109 

267 

Example. — Om  man  lent  another  a  certain  sum  of  money, 
receiving  interest  for  the  loan  for  4  years  at  the  rate  of  3°/^ 
per  annum  Simple  Interest.  In  all,  he  receives  £^4-  12s.  6d.  as 
interest.      What  was  the  sum  of  money  lent  ? 

The  interest  on  £100  for  4  years  at  3%  is  £12. 

If  £i2  is  the  interest  on  £100, 

^84-625  is  the  interest  on  £}32^M:^ 

=  £l<y$-  AS.  2d. 
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Example. — A  person.  A,  borrows  front  B  a  sum  of  money, 
agreeing  to  pay  B  back  at  the  end  of  2\  years  a  sum  equivalent 
to  both  the  principal  and  the  interest  acntmulated  during  that 
time  at  the  rate  of  5%  per  annum  Simple  Interest.  He  pays 
back  the  sum  of  £,A'^h-      iVhal  money  did  he  borrow  7 

In  2^  years,  at  g  %,  the  interest  on  ;£ioo  would  be  £12^. 
For^ii2-s  paid  back,  ;£ioo  was  borrowed. 
For  ;£405  paid  back,  ^^°°'^^°S  y/^ts  borrowed 

A  therefore  borrowed  ^360  from  B. 


EXEBCI8BB  LXIX.  d. 

State  answers  in  all  cases  true  to  the  nearest  \d. 
N.B. — In  the  Exs.  1-52,  simple  interest  is  charged;  they  must, 
however,  not  be  regarded  as  illustrating  practical  transactions. 

1.  A  man  borrows  .^875  from  a  bank,  paying  back  interest  every 
year  at  the  rate  of  5  %  per  annum  simple  interest.  How  much 
will  he  have  paid  in  interest  at  the  end  of  three  years  1 

Find  the  Simple  Interest  on  the  following  : 

2.  .£288.  lot,  od.  for  4  yrs.  at  3  per  cent,  per  annum. 

3.  .£3569-  7s.  6d.  for  3  yrs.  at  3i  per  cent,  per  annum. 
i.  for  4  yrs.  at  2J  per  cent,  per  annum. 
i.  for  4  yrs.  at  .£3.  is.  fid.  per  cent,  per  annum. 
I.  for  3i  yrs.  at  2^  per  cent,  per  annum. 

7.  .^167.  15J.  od  for  3  yrs.  4  mo.  at  3  per  cent,  per  annum. 

8.  .^5016.  igj.  6ii  for  5  yrs.  at  ^3.  6s.  8rf.  pier  cent  per  annum. 

9.  .£159-  161.  &d.  for  5  mo.  at  5  per  cent,  per  annum. 
10.  .£3584-  iSs.  6d.  for  7  mo.  at  ag  per  cent,  per  annum. 
11'  £(>ii-  i8j.  i^d.  for  8  mo.  at  4J  per  cent,  per  annum. 
12.  j^igaofor  lomo.  at  .£3.  iSj-.  arf.  per  cent,  per  annum. 


5.  ^693,  i^s. 

;6.  Zs.  gd. 
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13.  A  man  borrows  ;^56o,  agreeing  lo  pay  interest  at  the  rate  of 
5  %  per  annum,  simple  interest,  the  latter  being  charged  on  the 
number  of  weeks  (a  portion  of  a  week  being  counted  as  a  whole 
week,  and  reckoning  53  weeks  to  the  year).  If  he  pays  back  the 
money  with  interest  at  the  end  of  143  days,  what  does  he  pay? 

14.  Under  similar  conditions  to  the  preceding,  find  the  interest  on 
(.")  .£512-  I7J-  6rf-  for  33  days  at  3  %  per  annum,  simple  interest, 
(*)  .£792  for  45  tiays  at  5  %  per  annum,  simple  interest. 

N.S. — In  the  following  examples  the  interest  is  calculated  as 
being  proportional  strictly  to  the  time,  although  often  the  time  is 

Find  the  Simple  Interest  on 

15.  .££52.  10;.  for  146  days  at  4  per  cent,  per  annum. 

16.  .£1349-  7-t-  6ii  for  4  yrs.  73  days  at  3  per  cent,  per  annum. 
17-  .£9040  for  2  yrs.  292  days  at  4  per  cent,  per  annum. 

18.  .£125  for  1  yr.  219  days  at  3^  per  cent,  per  annum. 

19.  In  what  time  will  the  simple  interest  on  ^732.  5j.  at  2^  per 
cent,  per  annum  become  ^36.  I2J-.  31/.  ? 

20.  In  what  time  will  the  simple  interest  on  ^193.  12j.  dd. 
amount  to  ^19.  7J-.  3^^  at  ^3.  fis.  M.  per  cent,  per  annum? 

21.  How  long  will  the  simple  interest  on  £i^  i^s.  be  in 
amounting  to  ^12.  i  is.  311^  at  3  per  cent,  per  annum  ? 

22.  The  simple  interest  on  ^£491.  i6j.  &£  at  2|  per  cent  per 
annum  accumulated  to  ^61.  9^.  j/i. ;  how  many  years  was  the  sum 
bearing  interest  ? 

23.  Reckoning  simple  interest  at  £3.  6s.  8if.  per  cent,  per  annum, 
in  what  time  will  the  interest  on  .£2742  become  .£457  ? 

24.  In  what  time  will  the  Mmple  interest  on  £93.  8s.  9/i.  become 
£^  1 31.  sid.,  reckoning  the  rate  to  be  at  i  per  cent,  per  annum  ? 

25.  In  what  time  will  the  simple  interest  on  ;£452.  123.  6rf. 
amount  to  £^6.  i  is.  6|(/.  at  ^3j  per  cent  per  annum  ? 
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26.  Fird  the  Simple  Interest  on  : 

(")  ^95-  i6j.  ^-  for  300  days  at  3  per  cent  per  annum. 
{6)  ^165.  17*.  6d.  for  250  days  at  4  per  cent,  per  annum. 
W  -^759-  lar-  for  3  yrs.  90  days  at  £2.  los.  per  cent,  per  annum. 
{d)  £6^^.  7s.  6d.  for  5  yrs.  200  days  at  £'^  per  cent,  per  annum. 

27.  Simple  interest  being  charged  at  3  per  cent,  per  annum,  in 
what  time  will  the  interest  on  ^549.  js.  6d.  amount  to  ^65.  lis.  (xi.i 

28.  In  what  time  will  the  simple  interest  on  £siig.  ijf.  amount 
to  i;i99+  i8i.  lid.  at  2i  per  cent,  per  annum? 

29.  In  what  time  will  the  simple  interest  on  a  sum  of  money  be 
equal  to  the  sum,  reckoning  interest  ai  3i  per  cent,  per  annum? 

30.  How  much  longer  must  ^262.  icu.  be  invested,  when  the 
rate  per  cent,  is  si  per  annum,  than  when  it  is  3|,  the  interest 
being  ^26.  sj.  in  each  case  ? 

31.  At  what  rate  per  cent,  per  annum  will  the  simple  interest  on 
^857.  12s.  bd.  become  £107.  4f.  old.  in  5  yrs.? 

32.  At  what  rate  per  cent  per  annum  will  the  simple  interest  on 
^1927.  14J.  become  ^160.  i2j.  lod.  in  a\  yrs.  ? 

SS.  The  simple  interest  on  ^176-  9*-  7^-  in  3  yrs.  amounted  to 
£17.  12s.  ii^d.;  what  was  the  rate  per  cent  f 

34.  The  simple  interest  on  ;£20o  in  4  yrs.  amounted  to  20  guineas. 
What  was  the  rate  per  cenL  per  annum  ? 

35.  At  what  rate  per  cent,  will  the  simple  interest  on 
^796.  i8j-  a^  become  £'ji).  12s.  ^\d.  in  4  yrs.  2  months? 

36.  At  what  rate  per  cent,  will  ^£1957.  181.  4^.  bear  ^19,  lu.  yd. 
as  interest  in  146  days? 

37.  The  sum  £^S^.  15J.  od-  remained  at  interest  for  15  yrs.,  when 
the  interest  had  become  /319.  8j-.  ijrf.    What  rate  was  allowed? 

38.  The  simple  interest  received  on  ^9583.  15^.  in  16  yrs. 
amounted  to  £mo.  y.    What  was  the  rate  per  cent  per  annum  ? 

38.  A  banker  charged  a  manufacturer  ^871.  17s.  bd.  for  the  loan 
of  ^3875  for  5  yrs.    What  was  the  rate  per  cent.  ? 
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10.  A  money-lender  charged  a  borrower  u.  for  the  loan  of  ;^i 
for  I  month.     What  was  the  rate  per  cent,  per  annum  ? 

41.  The  interest  allowed  or  a  deposit  of  £234.  8j.  91/.  for  3  yrs. 
9  mo.  was  ^33.  8j.  lo^d     What  was  the  rate  per  cent.  ? 

42.  At  what  rate  per  cent,  per  annum  will  the  interest  on 
^587.  los.  in  1 1  months  become  £21.  lor.  lorf.  ? 

43.  What  sum  of  money  wiU  yield  ^23.  17^.  6d.  as  interest  in 
6  yrs.  at  2J  per  cent,  per  annum? 

44.  From  what  sum  of  money  will  ^49.  sj.  6d  accrue  as  simple 
interest  in  4  years  at  £3.  2s.  6d.  per  cent,  per  annum  ? 

45.  What  sum  of  money  remaining  at  simple  interest  for  5  years 
at  3^  per  cent,  per  annum  will  amount  to  £512.  131.  yl.  ? 

46.  A  person  borrowed  a  sum  of  money  for  6  years  paying  3}  per 
cent,  per  annum  as  simple  interest,  and  repaid  the  sum  and  interest 
thereon  by  the  payment  of  ;^7o4.  7^.  64.     Find  the  sum  borrowed. 

47.  The  simple  interest  on  a  mortgage  for  8  years  at  ^4.  ys.  6d. 
per  cent,  per  annum  was  ^945.  What  was  the  amount  of  the 
mortgage  f 

48.  A  sum  of  money  lent  for  6  years  at  ^3.  lOt.  od.  per  cent, 
increased  to  ^zga  Ss.  od.    What  was  the  loan  ? 

49.  A  borrowed  from  B  the  sum  of  £>)(>Q  for  4  years,  simple 
interest  being  charged  at  3  per  cent,  per  annum.  It  was  to  be 
repaid  by  one-fourth  of  the  principal  being  paid  at  end  of  each  of 
the  first  3  years,  and  the  last  fourth  with  the  interest  to  be  paid 
at  the  end.    What  would  the  last  payment  be? 

50.  The  simple  interest  every  half  year  on  a  sum  bearing  interest 
at  £Z-.'^V-  o^-  per  Cf^nt-  P^f  annum  was  ^19.  i$s.od.  What  was 
the  sum  invested  ? 

51.  A  sum  of  £,7S  is  annually  deposited  in  a  bank  for  4  years  ; 
if  it  be  supposed  that  simple  interest  is  obtained  on  the  amount, 
what  amount  will  be  standing  to  the  credit  of  the  depositor  at  the 
end  of  the  fourth  year  interest  being  allowed  at  2J  per  cent,  per 
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62.  From  what  principal  will  an  interest  of  £$2.  10s.  od,  accrue 
in  7  years,  simple  interest  at  5  per  cenL  per  annum  being  obtained? 

53.  In  the  following  extracts  from  various  advertisements,  find  at 
what  rate  per  cent,  per  annum,  simple  interest,  the  purchaser  is 
charged  if  he  chooses  the  instalment  system  in  preference  to  the 

{a)  Sewing  machine,  plice  49?.  5rf.,  or  1 1  monthly  payments  of  J.r 

(fi)  9-ct.  gold  chain,  301-.  ;  gi.  monthly,  or  lys.  cash. 

(c)  Cash,  £^.  %s.  i  or  credit,  lar.  (>d.  down,  and  10  monthly 
payments  of  los,  6d. 

{d)  Cash  price,  55^. ;  or  deposit  6s.,  and  nine  monthly  payments 
oits. 

{e)  Piano  ^32.  cash,  or  36  monthly  payments  of  2IJ. 

(/)  Billiard  table,  5  ft.  4  in.  by  2  ft.  10  in.  Cash  price,  ^5.  iJj., 
or  13  monthly  payments  of  loj. 

54.  At  what  rate  per  cent,  per  annum  is  simple  interest  being 
charged  for  credit  in  the  following  cases  : 

(<j)  "  For  students  commencing  their  medical  studies,  entrance  fee, 
30  guineas.  .  The  entrance  fee  is  payable  by  all  students  at  the 
commencement  of  their  studies,  or  may  be  paid  in  three  instalments 
of  twelve  guineas  at  the  beginning  oi  the  first,  second,  and  third 

{d)  Pawnbroker's  advertisement.  "The  use  of  £\0  for  one 
month  costs  2J-.  dd." 


REVISION  FAFEBS. 
[Combed  mainly  from  Cirll  Sarvlce  uiii  other  Ssamlnatloa  QuoEtiouB,] 
A  1.    Each  of  nine  loaded'  trucks  weighs  7  tons  12  cwt.     What 
is  their  combined  weight? 

2.  A   sum    of  ^11.    lis.   is  to  be    divided   equally  between 
8  persons,  how  much  will  each  receive? 

3.  How  many  centilitres  are  there  in  37  litres  4  centilitres? 
■4.. How  many  yards  are  there. in  400  inches,,  and  how  many 

feet  and  inches  over  ? 
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6.  A  jug  which  holds  |  pint  is  filled  from  another  containing 
2j  pints.     How  many  pints  are  left  in  the  latter? 

6.  Each  of  three  measures  will  hold  2^  lb.  of  butter.  How 
many  lb.  of  butter  does  it  take  to  fill  two  erf  these  and  half  fill  the 
third? 

7.  I  have  four  weights  of  3-5,  275,  i'25, 005  kilograms.  How 
many  kilograms  do  they  weigh  ti^ether  ? 

8.  Express  in  pounds  and  decimals  of  a  pound  what  is  left 
after  paying  away  £^yjii  out  of  ^6. 


10,  How  many  times  can  a  bottle  which  holds  0-125  gallon  be 
filled  firom  a  cask  containing  8-5  gallons? 

IL  What  fraction  of  a  ton  is  300  lbs.  Give  your  answer  in  its 
lowest  terms  ? 

12.  Express  as  a  decimal  the  ratio  of  21  pence  to  a  £,. 

13.  Express  J  of  a  gallon  in  pints  to  the  nearest  pint 

14.  What  percentage  of  an  hour  is  3  minutes. 

15.  Find  the  value  of  3  per  cent  of  ^8.  Neglect  firactions  of 
a  penny. 

16.  Find  in  feet  and  inches  the  total  length  of  50  planks,  each 
1 1  ft  9  in.  long. 

B  1.  What  is  the  least  fraction  which,  added  to  the  sum  of 
fS  and  fjf,  will  make  the  result  an  integer? 

2.  It  requires  1344  tiles,  each  9  in.  by  4^  in.,  to  cover  a 
court-yard.    What  is  its  area  ? 

3.  A  and  B  own  a  field  in  shares  proportioned  as  15  to  13. 
If  A's  share  is  |  of  an  acre,  what  is  the  siie  of  the  field  in  square 
yards? 

4.  What  decimal  of  n  cwt  is  3  qrs.  31  lbs.?  o*  what  decimal 
of  la  kilograms  is  75  grams? 
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6.  Find  the  product  of  001 19  and  3-967,  Divide  this  product 
by  2I-9S 

6.  What  amount  of  interest  does  ^i02o  yield  per  annum,  if 
invested  at  a|  per  cent.  ? 

7.  Find  the  least  common  multiple  ot  78,  84  and  90. 

8.  Three  cyclists  who  are  riding  together  have  machines  with 
wheels,  respectively,  78,  84  and  90  inches  in  circumference ;  what 
is  the  least  distance  in  yards  that  they  must  travel  in  order  that 
their  wheels  shall  be  simultaneously  in  the  same  position  as  at 
starting  ? 

9.  Find  the  decimal  equivalent  to  the  fractional  expression 

(i-V!,)x6ix(Hi) 
txiit 
10.   A  box  4  feet  long,  2  feet  wide,  and  i-^  feet  deep  (internal 
is)  weighs  10  lbs.     If  it  be  filled  with  water  weighing 
:.  for  each  cubic  foot,  what  is  the  total  weight  of  box  and 


C  1.    A  square  field  is  15  ac.  2  to.  15  per.  in  area  ;  find  to  the 
nearest  foot  the  length  of  a  path  crossing  it  diagonally. 

2.  Given  that  a  French  metre  is  39'37o79  inches.  Show  that 
the  difference  between  5  miles  and  8  kilometres  is  very  nearly  5 1  yds. 

3.  Express  in  tons  203,549  ounces  and  93  m.  660  yds.  2  ft.  in 

4.  A  hogshead  full  of  sugar  weighs  13  cwL  I  qr.  5  lb.;  the 
hogshead  itself  weighs  z  qrs.  19  lb.  How  many  packets  of  sugar 
each  weighing  zj  lb.  can  be  made  from  the  quantity,  and  what 
amount  of  sugar  will  be  left  ? 

5.  I  buy  500  oranges  at  two  for  three  halfpence,  and 
another  500  at  two  for  three  pence,  after  which  60  of  the  better 
sort  are  eaten.  I  then  sell  the  remainder  at  five  farthings  each. 
Mow  mnch  do  I  gain  or  lose  P 

6.  The  cost  of  5  cwt.  2  qrs.  14  lb.  of  coffee  is  £$6.  ly.  ^ 
If  it  be  sold  at  1  j.  I  \\d.  per  lb.,  what  is  the  gain  or  loss  1 
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7.  A  merchant  imports  2  tons  of  tea  at  £^  los.  per  cwt.  He 
P^ys  ;£io.  6s.  Zd.  for  freight  and  dock  charges  and  a  duty  of  4d. 
per  lb.  He  sells  the  tea  at  £y.  $s.  t)d.  per  cwt.  Find  his  gain 
per  cent. 

8.  A  woman  buys  eggs  at  5  for  yi.  and  sells  them  at  3  for  2d. 
How  many  eggs  must  she  sell  to  gain  \s.'i 

9.  By  selling  an  article  for  ^9.  12s.  6d.,  a  tradesman  loses 
3|  per  cent.    At  what  price  should  he  sell  it  to  gain  2J  per  cent.? 

D  1.  A  clock  loses  8-5  sees,  an  hour  when  the  fire  is  alight,  and 
gains  ;-i  sees,  when  the  fire  is  out,  but  on  the  whole  it  neither  loses 
nor  gains.     How  long  in  the  24  hours  is  the  tire  burning? 

2.  If  a  farmer  pays  ^^33.  i$s.  as  rent  for  27  acres,  how  much 
should  he  pay  as  rent  for  70  acres  ? 

3.  Find  the  value  in  minutes  and  seconds  of  8  per  cent,  of 
4  hrs.  20  min.  25  sees. 

1.  A  farmer  has  a  flock  of  820  sheep  ;  of  these  123  die  and 
the  rest  are  sold.    What  percentage  is  sold  ? 

6.  How  many  sq.  ft.  of  paper  will  be  required  for  the  four 
walls  of  a  room  16  ft.  8  in.  long,  12  ft.  6  in.  wide  and  12  ft.  high? 

6.  If  the  wages  of  12  men  for  210  days  be  ^£514.  icw,,  how 
much  ought  they  to  receive  for  180  days*  work  ? 

7.  Find  the  value  of  1 5  per  cent,  of  £0.  1 7s.  6d 

8.  How  much  per  cent,  of  2  cwt.  is  7  lb.  ? 

9.  What  fraction  added  to  the  continued  product  of  JJ,  2f,  ^, 
2^  will  give  the  continued  product  of  |,  9,  f,  iH  and  J? 

10.  A  dealer  purchases  goods  and  sells  them  at  a  profit 
of  12^  per  cent  on  the  cost  price  ;  how  much  does  he  receive  for 
each  £  of  bis  outlay  ? 

11.  Income  tax  being  Sd.  in  the  £,  how  much  per  cent,  does 
this  represent  of  a  man's  income  ? 
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E  1.   Simplify         Hof3^oi2j-6\ol3io(ii 
7*of3f 

2.  Divide  3-435  by  0-002192. 

3.  What  principal,  if  invested  for  3  years  at  2f  per  cent, 
per  annum  simple  interest,  will  amount  to  ^575-  'Oj.  71/  ? 

4.  Find  the  value  of  2}  of  3}  of  4  lbs.  8  oz.  10  dwt.  12  grs. 
Troy. 

5.  Reduce  £4.  iSs.  lojrf.  to  the  decimal  of  5  guineas. 

6.  Find  the  cost  of  276  tons  16  cwt.  at  ^3.  iSs.  1  i^d.  per  ton. 

7.  Find  the  least  common  multiple  of  385,  231,  165,  105. 

8.  A  room  21  fi.  4  in.  long,  18  ft.  8  in.  wide,  and  15  ft.  6  in. 
high,  is  papered  with  paper  32  inches  wide  at  one  shilling  a  yard. 
What  is  the  total  cost? 

9.  If  by  selling  a  certain  horse  for  .£66  I  should  lose  28 
per  cent,  of  the  cost  at  which  I  bought  the  animal,  what  is  my 
loss? 

10.  Prove  that  the  product  of  any  two  numbers  which  consist 
of  three  figures  and  four  figures  respectively  must  be  a  number 
consisting  of  not  less  than  six  or  more  than  seven  figures. 


P  1.    Find  the  cost  of  49  cwt.  3  qrs,   14  lbs.  at  £13.  is.  lod. 

2.  Divide  5-4  by  002072  and  the  quotient  by  1,470,568  to  four 
places  of  decimals. 

3.  Find  the  greatest  common  measure  of  27531  and  874a 

5.  Find  (in  its  lowest  terms)  the  difference  between  J^f  and 

6.  The  French  metre  is  3-281  English  feet,  the  Bhenish  foot 
is  12-356  English  inches.  Express  4-567  metres  in  terms  of 
Rhenish  feet  to  3  places  of  decimals. 
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7.  A  sum  of  money  put  out  at  simple  inter 
to  £688,  when  the  rate  is  2^  per  cent,  and  the  time  3  years.  What 
would  the  amount  be  if  the  rate  were  3^  per  cent,  and  the  time 
2 J  years  ? 

8.  Show  that  if  a  square  number  ends  in  6  the  figure  in  the 
tecs  place  is  odd ;  if  it  ends  in  any  other  number,  the  tens  figure 

9.  If  B's  wages  are  ^  of  A's,  for  how  many  days  will  a  sum 
which  pays  A's  wages  for  119  days  pay  the  wages  of  both 
together  ? 

10.  If  the  manufacturer  makes  a  profit  of  25  per  cent.,  the 
agent  one  of  8  per  cent.,  and  the  shopkeeper  one  of  30  per  cent., 
what  is  the  cost  to  the  mannfacturer  of  an  article  which  is  sold  in 
the  shop  for  £32.  81.  ? 

11.  A  man  buys  an  article  and  sells  it  at  a  profit  of  10  per  cent. 
If  he  had  bought  it  at  10  per  cent,  less,  and  sold  it  for  6d.  less,  he 
would  have  made  a  profit  of  20  per  cent.     Find  the  cost  price. 

12.  To  do  a  piece  of  work,  a  contractor  can  employ  two  classes 
of  workmen,  whose  wages  are  in  the  ratio  of  17  to  13.  If  he 
employs  the  higher  paid  men  (who  work  the  foster)  he  pays 
£148,  15J.  in  wages,  being  £10.  los.  less  than  the  lower  paid  men 
would  cost  him.    Compare  their  rates  of  work. 

13.  A  milkman  adulterates  his  milk  as  follows: — He  takes  a 
pint  out  of  each  gallon  and  replaces  it  with  water.  He  ihen  takes 
another  pint  out  of  the  mixture  and  replaces  that  with  water  ;  and 
he  repeats  the  operation  a  third  time.  If  he  then  sells  his 
adulterated  milk  at  the  price  per  gallon  that  the  pure  milk  origin- 
ally cost  him,  what  is  his  gain  per  cent,  on  the  selling  price  ? 

14.  A  tradesman  makes  up  his  receipts  monthly.  His  receipts 
for  the  first  two  months  average  £'i  less  than  those  of  the  first 
month  ;  those  of  the  first  three  months  average  £^  more  than  the 
average  of  the  first  two ;  of  tbe  first  four  £$  more  than  that  of 
the  first  three ;  of  the  first  five  £2  less  than  that  of  the  first  four ; 
and  of  the  first  six  £7  more  than  that  of  the  first  five.     If  the 
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Average  monUiIy  receipts  for  the  first  six  months  are  £6n 
were  the  receipts  for  each  month  ? 


<J1.   Find  a  decimal  of  3  figures  as  nearly  equal  to  ^!^+^^ 
as  a  decimal  of  3  figures  can  be. 

2.  Find,  to  the  nearest  litre,  the  content  of  a  tank  3-34  metres 
long,  123  metres  broad,  and  45  centimetres  deep.  A  litre  is  a 
cubic  decimetre. 

If  these  dimensions  are  only  true  to  the  nearest  centimetre,  find 
the  greatest  possible  error  in  the  result. 

3.  The  population  of  the  central  area  of  London  was  821,257 
in  1891  and  753,260  in  1901.  What  is  the  percentage  decrease 
during  this  period  of  10  years,  and,  if  the  rate  of  deprease  during 
the  next  10  year  period  is  the  same,  what  will  be  the  population  in 
19"?  .       , 

4.  In  igoi  Ontario  had  1,278,635  acres  under  wheat,  which 
produced  21,515,780  bushels  ;  Manitoba  had  2,011,835  acres  under 
wheat,  which  produced  50,502,085  bushels.  Find  out  which  pro- 
vince produced  the  heavier  crop,  and  give  for  each  (to  the  nearest 
whole  number)  the  number  of  bushels  to  the  acre. 

6.  A  man  borrows  ^100,  to  be  repaid  by  instalments,  and 
agrees  to  pay  4  %  interest  on  what  he  owes  at  any  time.  He  pays 
off  ^30  (including  interest)  at  the  end  of  each  year,  until  a  year 
comes  when  a  less  sum  than  £y>  pays  off  the  debt.  What  is  this 
sunn,  and  what  is  the  total  of  the  repayments  ? 

6.  A  bar  of  iron  10  feet  long  has  a  rectangular  section  shown 
below.  Measure  the  length  and  breadth,  and  find  the  area  of  Ike 
section.  Also  find  the  weight  0/  the  bar,  a  cubic  foot  of  iron 
weighing  490  pounds. 
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H 1.  A,  B  and  C  go  into  partnership,  A  mvesting  ;£40O0^ 
B  £yxx),  and  C  £2000.  If  the  profits  for  the  first  year  arc  ^£1530, 
how  must  they  be  divided? 

2.  Write  down  all  the  prime  numbers  between  50  and  loo. ' 
Can  you  give  any  reasons  why  not  more  than  two  of  these  prime 
numbers  are  consecutive  odd  numbers  ? 

3.  A  parliamentary  grant  is  made  at  the  rate  of  $s.  per  head 
for  all  the  children  at  elementary  schools.  If  this  grant  is  distributed 
at  the  rate  of  5^.  •)tf.  per  child  in  town  and  3^.  jd.  per  child  in 
country  schools,  what  percentage  of  the  total  number  of  children 
are  in  each  class  of  school  ? 

4.  A  batsman  has  a  certain  average  of  runs  for  16  innings. 
In  the  17th  innings  he  makes  a  score  of  85  runs,  thereby  increasing 
his  average  by  3.  What  is  his  average  after  the  17th  innings? 
(There  are  no  "not  out"  innings.) 

6.  A  bicyclist  rides  up  a  hill  2  miles  long  in  9  min.  20  sec. 
and  then  down  a  hill  of  the  same  slope  3  miles  long  in  10  min, 
30  sec.  How  long  will  it  take  him  to  ride  back,  assuming  the 
speeds  to  be  the  same  in  each  case,  whether  the  hill  be  long  or 

6.  How  many  postage  stamps,  each  Jf  inch  long  and  J  inch 
wide,  would  make  a  frieze  a  foot  wide  all  round  a  room  16  ft.  6  in. 
long  and  14  A-  9  in.  wide? 

7.  A  cistern  is  full  of  water.  A  cylindrical  brass  piston  16" 
long  and  10"  in  diameter  is  immersed  in  the  cistern.  How  many 
cubic  inches  of  water  will  run  over,  and  how  many  gallons  would 
the  overflowed  water  fill? 

8.  There  is  a  square  lawn  ABCD  cont^ning  i  ac.  785  sq.  yds. 
How  much  shorter  is  the  diagonal  AC  than  the  sum  of  the  two  sides 
AB,  BC? 

9.  Find  the  area  of  a  rectangular  lawn  55  ft.  long  which 
measures  170  ft.  all  round. 

10.  A  shallow  rectangular  dish  i&  i>^  metres  long,  0-25  metres 
broad  and  0-4  cms.  deep.  Express  in  grammes  the  weight  of  water 
it  will  hold. 
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49.    MEASUREMENT  OF  LENGTH   (continued). 

Exercises  on  the  use  of  the  ordinary  foot-rule  and  metre 
scale  have  been  given  already,  and  also  on  the  use  of  calipers 
and  other  simple  means  of  measurement ;  in  the  following 
exercises  additional  apparatus  is  necessary. 

£XEBCISES  T.YX, 

PraetlcaL 

Uw  of  Soreir-saiise  and  SpherotiMMr. 

[Apparatus:   Micrometer   Screw-gauge.      Spherometer.      Scale. 

Glass  slips.     Wires  of  different  diameters.     Glass  rods.    Balance."] 

1.  Examine  a  Micrometer  Screw-gauge  (Fig.  38),  note  the 
distance     the     screw    moves 

forward  or  backward  for  i,  2, 
3,  etc.,  complete  revolutions 
of  the  screw  head. 

2.  Find  the  reading  when 
the  screw  is  in  contact  with 

the  lower  jaw.    Open  thejaws,  Fig.  3B.-Hicron,««  Saew«.uge. 

and  introduce  a  thin  glass  slip 

between  ihem  ;  screw  up  the  jaws  and  take  a  new  reading. 

3.  Introduce  a  second  slip  between  the  jaws.  Find  the  reading 
when  the  jaws,  are  both  in  contact  with  the  slip :  open  the 
instrument  and  re-introduce  the  slip  used  in  Ex.  2  on  the  top 
of  the  second  slip :  find  the  new  reading. 
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1.  By  experiments  similar  to  Exx.  2  and  3  note  that,  when  the 
screw  head  is  turned  through  equal  angles,  the  screw  is  moved 
forward  or  backward  through  equal  distances,  and  that  the 
methods  of  proportion  may  therefore  be  adopted  in  calculating 
the  distance  moved  forward  by  the  screw. 

5.  Measure  the  diameter  of  the  given  wires  with  a  screw-gauge. 

6.  Check  the  measurements  as  follows:  Wind  ihe  wire 
carefully  round  a  lead  pencil  or  glass  tube,  taking  care  that  each 
turn  of  the  wire  (ouches  the  previous  one  at  all  points.  Make 
30  turns,  and  measure  the  distance  from  the  outside  of  the  first 
turn  to  the  outside  of  the  twentieth  turn  by  means  of  a  millimetre 
scale.  Divide  this  measurement  by  20^  and  so  obtain  the  diameter 
of  the  wire. 

Repeat  the  experiment  with  varying  numbers  of  turns  of  wire. 

7.  Measure  the  thickness  of  the  given  rectangular  glass  slips. 


Ptc.  39. — SpbcrometH. 

8.  Measure  the  length  and  the  breadth  of  any  one  c^  the  slips 
used  in  Ex.  7 ;  calculate  its  area.  Next,  find  its  volume  by  the 
balance  or  by  displacement ;  divide  the  volume  by  the  area,  and 
so  calculate  the  thickness.  Compare  your  resnlt  with  the  result 
in  Ex.  7. 
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The  principle  of  the  spheromeler  (Fig.  39)  is  precisely  the  same 
as  that  of  the  micrometer  screw-gauge. 

9,  Measure  the  thickness  of  the  given  plates  by  means  of  the 
spheiomeier  (Fig.  39).  Check  your  results  by  using  the  screw- 
gauge. 


EXEBCI8ES  LXXI, 

GrapUo. 

Use  and  Frluolple  of  Vemter. 

1.  On  squared  paper  construct  a  scale  of  inches,  mark  it 
so  as  to  show  10  inches,  cut  out  another  length  similarly  divided, 
and  from  the  two  make  a  single  scale  20  inches  long. 

Mark  off  again  a  length  of  9  inches  (10— i)  on  another  piece 
of  squared  paper,  divide  this  up  into  to  equal  parts,  number 
these  o,  i,  2, ...  up  to  la    This  will  serve  as  a  tmhIbt. 

(a)  Note  the  difference  between  i  scale  division  and  I  vernier 
division,  between  2  scale  divisions  and  3  vemter  divisions,  and 

(A)  Slide  the  vernier  until  the  division  marked  1  on  the  vernier 
coincides  with  the  division  marked  I  on  the  scale,  note  the  distance 
between  the  zero  marks,  slide  the  vernier  until  the  divisions  marked 
2  coincide,  again  note  the  distances  between  the  lero  marks,  and 

2.  Set  the  vernier  so  that  the  distance  in  inches  between  the 
zero  marks  is 

(«)  0.3,    (»)  oA    W  ,2,    (i)  35,    »  5-6,    (/)  4-2. 

3.  Draw  a  scale  with  its  main  divisions  inches,  and  the  sub- 
divisions tenths  of  an  inch  ;  construct  a  vernier  attachment  to  read 

4.  Construct  a  scale  and  vernier  to  read  to  0-02  of  a  cm. 

5.  Draw  a  line  7-2  inches  long  ;  divide  it  up  into  S  equal  parts ; 
alongside  attach  a  vernier,   in   which  a  distance  equal  to  the 
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scale  has  been  divided  up  into  9  equal  parts  ;  what  fractiousof 
the  whole  line  are  there  between  corresponding  divisions  of  the 
main  scale  and  the  vernier  attachment,  when  the  commencements 
of  both  scales  aie  exactly  opposite  ? 

6.  Attach  to  an  ordinary  scale  of  tenths  of  an  inch,  a  vernier 
suitable  for  reading  to  the  nearest  2O0[h. 

EXERCISES  LXXII 

1.  A  screw  has  its  pitch  such  that,  on  turning  the  screw  8  times 
round,  its  end  moves  through  a  distance  of  1-84  in.  How  many 
times  must  it  be  turned  round  in  order  that  its  end  may  move 
through  a  distance  of  0-8602  of  an  inch  ? 

N.B. — The  pitch  of  a  screw  is  the  distance  between  successive 
threads,  or  the  distance  the  screw  moves  forwards  or  backwards 
during  one  complete  revolution. 

2.  A  spherometer  (Fig.  39)  consists  of  a  screw,  the  end  of 
which  moves  forward  through  a  distance  of  0-5  mm.  for  each  com- 
plete revolution  of  the  screw.  What  distance  corresponds  to  a 
turning  of  the  screw  equal  lo  0-265  of  a  revolution  ? 

3.  In  lifting  weights  by  means  of  a  windlass,  tbc  men  have  to 
move  round  through  a  distance  of  25<i2  ft.  in  order  that  the  weight 
may  be  raised  through  a  distance  of  S76  fi.  What  distance  must 
the  men  move  through,  in  order  that  the  weight  may  be  i-aised 
through  a  distance  of  370.8  yd. .' 

4.  A  block  of  pulleys  is  used  to  raise  a  weight,  and  it  is  found 
that  when  ihe  weight  is  lifted  through  3'S2  ft.  an  amount  of  rope 
2464  ft.  in  length  has  to  be  pulled  in.  What  distance  will  the 
weight  be  lifted  through  when  61.25  ''■  of  rope  are  pulled  in? 

6.  The  graduated  rim  of  the  moving  screw  of  a  gauge  (Fig.  38) 
is  divided  into  50  equal  partSj  and  it  is  found  that  when  the  bead  is 
moved  forward  through  a  known  distance  of  0-542  cm.  the  screw 
has  been  turned  through  10  complete  revolutions,  together  with 
an  additional  42  divisions.    What  is  the  pitch  of  the  screw  P 

6.  A  boy  made  a  rough  spherometer  as  follows :  He  first  cut 
a  circle  in  cardboard,  and  divided  the  circumference  of  the  circle 
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into  32  equal  parts.  He  then  attached  it  to  the  head  of  a  screw 
the  pitch  of  which  was  005  in.,  and  afterwards  suitably  mounted  it. 
The  thickness  of  a  pertain  slab  corresponded  to  2  complete  turns, 
and  a  further  motion  through  16  divisions.  What  was  the  thick- 
ness of  the  slab? 

7.  If  the  head  of  a  screw  moves  forward  through  0-24  in.  when 
turned  through  4.25  revolutions,  what  should  it  be  turned  through 
in  order  to  move  forward  through  a  distance  of  033  of  an  inch  ? 

8.  The  pitch  of  a  screw  is  known  to  be  ok>8  in.  What  is  the 
pitch  of  another  screw  which  requires  6-24  revolutions  to-  move 
forward  through  the  same  distance  that  the  former  screw  moves 
through  ID  iO'92  revolutions,  and  what  is  the  distance  ? 

9.  The  pitch  of  the  screw  of  a  spherometer  is  0'5  mm.,  the 
diameter  of  the  rim  of  the  graduated  circle  is  4  cm.  What 
distance  will  a  point  on  the  graduated  rim  be  moved  through  in 
measuring  a  thickness  of  2-36  cm.  ? 

10.  The  diameter  of  the  graduated  rim  of  a  spherometer  is  2  in., 
and  it  is  known  that  in  measuring  a  distance  of  0-18  in.  any  point 
on  the  rim  has  been  turned  through  a  distance  of  22-608  in.  What 
is  the  pitch  of  the  screw  of  the  spherometer  ? 

11.  A  hockey  stick  has  a  cylindrical  handle,  which  is  wound  as 
thickly  as  possible  with  thread.  What  is  the  diameter  of  the 
handle,  and  what  is  the  diameter  of  the  thread,  if  450  turns  of 
thread  are  required  to  cover  the  handle  to  a  distance  of  18  in., 
and  if  the  length  of  thread  used  is  1 77  ft.  f 

12.  When  used  in  estimating  a  thickness  of  1-6  mm.,  the  reading 
of  a  spherometer  is  8  on  the  scale,  and  20  divisions  on  the 
graduated  circular  rim :  when  used  in  estimating  a  thickness 
of  2-46  mm,,  the  reading  is  12  on  the  scale  and  45  oc  the  rim. 
What  is  the  thickness,  if  the  reading  is  13  on  the  scale  and  30  on 
the  rim  ?  (The  total  number  of  divisions  on  the  rim  is  100  and 
the  distance  between  the  marks  on  the  scale  is  equal  to  (he  pitch 
of  the  screw.) 

13.  Two  similar  millimetre  scales  are  engraved  on  two  flat  rods 
A  and  B  of  different  metal,  both  being  at  the  temperature  at  which 
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ice  melts  ;  the  rods  are  heated  to  the  temperature  at  which  water 
boils,  and  it  is  now  seen  that  the  scale  divisions  of  one  rod  A  are 
bigger  than  the  scale  divisions  of  B,  and  that  132  divisions  of  A 
seem  to  coincide  with  133  of  B.  The  divisions  of  B  are  i<x>i8  limes 
as  long  at  the  temperature  of  boiling  water  as  they  are  at  the 
freezing  point.  What  is  the  new  length  oi  a  portion  of  A  which 
was  I  metre  in  length  at  the  freezing  point? 

14,  A  line  AB  is  divided  up  into  36  equal  parts  by  35  marks, 
numbered  in  succession  1,  3,  3,  ...  3;,  while  A  is  marked  o  and 
B  marked  36.  Another  line  126  has  a  length  of  35  divisions,  it 
also  is  divided  into  36  equal  parts 
and  numbered  similarly  to  AB.  If 
the  two  'scales'  are  placed  along- 
side one  another  so  that  A  and 
a  coincide,  what  is  the  distance 
between  the  zgih  marks  on  the  two 
scales,  when  expressed  as  a  frac- 
tion of  the  length  of  AB  ?  If  ai 
be  moved  along  AB  so  that  the 
24th  division  of  ai  coincides  with 
the  34th  division  on  AB,  what  is 
the  distance  between  A  and  a? 

15.  The  right-hand  side  of  Fig. 
40  shows  a  portion  of  a  barometer 
scale  with  vernier  attachment,  in 
which  it  will  be  noticed  that  each 
inch  on  the  scale  is  divided  up  into 
20  equal  parts,  and  that  35  divi- 
sions of  the  vernier  are  equal  to  34 
of  the  scale.  To  what  degree  of 
accuracy  can  readings  be  taken  ? 
Explain  the  vernier  attachment 
Fk.  10.  shown    on   the  left-hand   side    ot 

Fig.  40. 
16,  Assuming  that  in  dividing  up  a  scale,  it  is  not  expedient 
to  have  divisions  closer  together  than  the  twentieth  pan  of  an 
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inch,  show  how  to  divide  up  a  scale  of  inches  and  a  suitable 
vernier  in  prder  to  read  true  to 

(«)  lis  in.        m  jio  in,        {<:)  tb  in-        (<0  lir  in- 
(")  sin  i"-        C/)  lir  in. 

17.  A  piece  of  metal  (a)  0'9  gram,  {6)  i-i  gram,  is  broken  up 
into  10  equal  pieces  ;  explain  how  you  would  use  them  in  conjunc- 
tion with  decigrams,  to  weigh  to  the  nearest  centigram. 

18.  The  swinging  pendulums  of  two  clocks  are  viewed  through 
a  telescope,  so  that  one  appears  to  pass  directly  behind  the  other. 
The  pendulums  both  appear  vertical  at  12  o'clock ;  tbey  next  appear 
vertical  ti^ether  at  8  minutes  past  12  o'clock.  If  one  clock  beats 
seconds,  find  the  time  which  elapses  between  the  250th  passages 
since  12  o'clock  ;  what  also  is  the  time  of  swing  of  the  pendulum 
of  the  second  clock  ? 

19.  A  person  observes  that  the  pendulums  of  two  clocks  cross 
the  vertical  together  every  5  minutes.  If  one  clock  be  correct, 
what  does  the  other  gain  or  lose  in  one  day  ? 


60.    THE   USE  OF  THE   CHAIN. 

The  ordinary  chain  used  in  surveyiog,  and  ktiown  as 
Gimter's  chain,  is  66  feet  lotig.  It  is  divided  into  100 
links,  joined  tc^ether  by 
small  rings.  To  every 
tenth  link  is  attached 
(Fig.  41)  a  piece  of  brass 
(sometimes  called  a.finget^ 
in  order  to  facilitate  the 

counting  of  the  links;  and  ^"^  41— Guntaj  chun. 

brass   handles  are  attached   to  the   ends  of  the   chain   for 
pulling  it  tight. 

Many  small  surveys  can  be  made  with  a  chain  only; 
larger  surveys  require  the  assistance  of  the  theodolite  and 
other  instruments. 
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Example.     To  survey  ihe  small  field  shown  in  Fig.  4». 
(a)  Four  main  survey  lines  are   obtained  as  near  to   the 

boundary  of  the  field  as  possible ;  suppose  these  are  AB,  BC, 
-  CD,  DA;   the  lengths  of  these  lines  are  found  by  the  chain. 


The  lengths  of  the  two  diagonals  AC,  80  are  also  found  (one 
diagonal  is  really  sufficient,  but  it  is  generally  a  safer  plan 
to  measure  both,  one  serving  as  a  check  for  the  whole 
survey).  Offsets  are  then  taken  along  these  and  probably 
other  lines,  thus: 

Suppose  P,  Q,  R,  S,  T  (Fig.  43)  are  more  or  less  important 
or  salient  points  on  the  boundary  in  the  neighbourhood  of 
AB  (line  i)-  Measurements  are  taken  along  AB  from  some 
convenient  starting  point  O  until  a  point  /  is  reached,  such 
that  pP  is  at  right  angles  to  OAB,  the  distances  0/  and  />P 
are  noted,  say  500  links  and  350  links;  similarly  measure- 
ments of  O^,  qO,;  Or,  rR;  etc.,  are  taken,  and  the  readings 
set  down  in  the  '  field '  book.     The  entry  might  be  somewhat 


;dbv  Google 


THE   USE   OF   THE   CHAIN 


305 


The  readings  mean  that 

Op  "  500,    /P  =  250,  and  P  is  to  the  left  of  OAB. 
0^=780,    4'Q  =  350,  and  Q  „  „ 

Or  =  1000,  rR=  120,  and  R  is  to  the  right  of  OAB. 
Oi-izoo,  f8  =  ioo,  andS        „       left         „ 
0/  =  i5oo,  /T-^  80,  and  T        „         „  „ 

The  figures  express  the  distances  in  links. 

Similarly  the  form  of  the  boundary  in  the  neighbourhood 
of  BC,  CD  or  DA  is  found. 


EXEB0I8ES  LZXm. 

Orapblo. 
1.    Fig.   44   represents   a   railway,   fence    and    stream,    scale 
I  chain  to  the  inch.     Make  a  field-book  entry  with  reference  to 
the  line  AB. 


2.    Trace  the  form  of  a  portion  of  a  fence  from  the  following 
field-book  entry  : 

1000       o  fence 
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3.  Draw  to  scale  the  perimeter  of  a  pond  from  the  following 
readings,  taken  with  reference  to  three  lines  forming  a  triangle 
within  which  the  pond  is  situated. 

End  of  Line  I. 
2000    -^  Line  3 
150 


-»  Line  2 

End  of  Line  3. 


End  of  Line  2. 

Line  3  ^  2000 
1900 
I5cx> 


4.   Draw  a  plan  of  a  field  from  the  following  field  readings : 
End  of  Line  i. 
1810  l->-Line  3 


Line  I  >r 

2000 

30 

1700 

50 

1500 

60 

1000 

50 

500 

ao 

300 

Line  3  ^i 

0 

hedge- 

1800 

230 

1750 

I30O 

hedge) 

800 

240 

590 

160 

380 

300 

300 

0 

^  Line  3         300 


^Line  3 

End  of  Line  3. 
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5,   The  following  plans  are  drawn  to  scale ;  make  field-book 
entries  along  the  lines  1,  2,  3,  4,  5  for  the  points  indicated. 
(a)  Fig.  45-  <*)  Fig.  46. 


51.     APPROXIMATIONS  {continued). 

Approximations  in  Multiplication. 

In  many  cases  calculations  have  to  be  performed  in  which 

the  terms  involved  are  very  nearly  convenient  round  numbers, 

but  not  quite. 

Consider  the  following  examples  : 
Example  i. — Evaluate  127x96. 

127x96  =  125x96  (approx.)  =12000. 
Accurately   127  x  96  =  96  x  (125  + s) 

=  ("5  X  96)  +  Tlir(«a5  ^  96)=  "S  "  96  +  TDW  X  96  ^  125 
=»  125  X96  increased  by  16  in  every  1000  or  by  1-6% 
—  1 1000  „  „  „  „ 

=  12192. 
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253x484  = 
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-Evaluate  253x484. 

(84  X  (250 +  3)  =  250x484   increased   by   3   in 
every  250,  i.t.  1-2  %  or  12  in  each  1000 
X484 


=  132452. 
Example  3. — Evaluate  48- 1  >:  12-6. 

(48.i){i2.6)-(48  +  o.i)x{,2-5  +  o-i) 

=  48{i+Ti^)x(i2.5)(,+^^) 

=  {48)(<2-5)(i+^)(i^^^) 

=  600(1  +  l4ff  +  TTK  +  ITT  X  j^), 

neglect  j^  x  ^j. 

.■.    (48-i){i2-6)  =  600  +  600(3,45)  +  6oo(y^), 
that  is  to  say,  since  -^^  is  roughly  02  %, 

and  yij  is  0'8%, 
we  increase  600  by  (o-2  +  o-8)%,(>.  by  1  %,  and  an  approximate 
value  is  606. 

Actually  multiplying  48-1  by  12-6,  6o6-o6  is  obtained. 
48.1 
ia-6 
481 
96-2 


A  rough  approximation  should  be  menial  or  nearly  so,  and 
is  chiefly  of  use  when  the  numbers  to  be  multiplied  are  large. 

Example  4. — Evaluate  497-5  x  600-6. 

The  terms  are  2-5  in  500  less  than  500,  and  o-6  greater  than 
600,  that  is  0-5  %  less  than  500  and  o-i  %  greater  than  600. 
A  first  approximation  —  500  x  600  =  300000. 
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A  second  approximation  increases  this  by  (o-i  -  0-5)  %,  i.e. 
decreases  by  0-4  %,  i.t.  4  in  every  1000. 

.'.  second  approximation  =  298800  (accurately  298798-50). 

Example  5. — Evaluate  7493x798-2. 

{7493){798-2)  =  7500x800  nearly  =  6000000  approx. 

This  has  to  be  reduced  by  7  in  7500  and  also  by  2  in  800, 
i.e.  by  0-26  %  approx. 

Hence   7493x798-2  =  6000000  reduced   by  0-26  %  approx. 
—  5984400.     Multiplying  accurately  5980912-6  is  obtained. 


The  method  is  more  particularly  useful  when  several  terms 
have  to  be  multiplied  together. 

Example  6. — Find  the  weight  of  a  blo<:k  127-6  cm.  long, 
79-3  cm.  broad,  60-9  an.  thick  and  having  a  density  of  i\ -22  gr. 
per  ex. 

The  wetght  =  (i27-6)x(79-3)x  (6o-9)xfii'22)  grams. 

A  first  approximation  is  1 25  x  80  x  60  x  11  =  6600000  grams 
or  6600  kilo. 

A  nearer  approximation  increases  this  by  {2 -0-9 -1-1-5  +  2)%, 
i.e.  4-6%,  or  about  3  in  66,  and  a  second  approximation  is 
6900  kilo. 

ApprozimationB  in  DiTision. 
It  has  been  shown  already  (p.  45)  that  the  area  of  a  rectangle 
with  sides  i  +jc  and  i  -jc  is  equal  to  i  -jc^,  that  is, 
(l+:.)(i-:.)  =  (.  -:.^); 
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..   i-x= and   i+x= 

Accordingly,  if  x  be  small,  so  that  x^  can  be  neglected, 

— ~  =  i-x  aod  =  I -t-x 

i+x  i-x 

Or,  dividing  by  (i  +x)  is  practically  equivalent  to  multiplying 

by  i-x, 

and  dividing  by  (i  -ar)  is  practically  equivalent  to  multiplying 

by(i+*). 

Example  i. — Evalua/e  approximately  ^  ^"3'. 
99 
789-32  _       789-33 
99        i^{i  -  tJb) 

789-12,         ,   , 
=  -^(1+7^5)  aPProx. 

In  other  words,  divide  by  loo  instead  of  99  and  increase 

by  I  %. 

Example  2— Evaluate  9^35>'79g^ 
102x297 

9_3SJLZ92„  ^°  ^    °°  as  a  first  approximation. 
102  X  297      100 X  300 

But  since  9835  is  approx.  2  %  less     than  loooo, 

792        ..         I  %    "         "        800, 

102        „         2%  greater  „        100, 
297        ..         I  %  'ess        „        300. 

98311792^  '°^x8°°  increased  by  (  -  2  %  -  .  %  -  2  %  +1  %) 
loax297      100x300         approx. 

=  266  increased  by  (  -  4  %) 

=  256  as  a  second  approximation  (actually  =  257). 
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When  generalized,  the  method  used  in  the  above  example 
may  be  written  as  follows : 

if  X,  y,  s,  w  are  small  fractions,  either  positive  or  negative. 
So  also  N(l+J:)"=N(l+«a:X 

N-(i+^)-=N(i-«^). 


Example  i-— Evaluate 


(83;)'     (8x(i04))'     S-Kroo" 


increased  by(3x4%-2x2%) 


(6i2)'     {6x(,o2)|>     6'x 

-o<xii5  „  (8%) 

=  io'x-'^  approx, 
-iS-Sx.o-. 
By  straightforward  evaluation,  -^—^  =  1 5-4  x  lo*. 

EXERCISES  LZZrV.  a. 
Mental  01  Oral 
Decimalize  approximately  : 

1.   ?Z3_  2.   265.  3.   i636_  4_    S9Z! 

101'  102  '    202 '  2o6' 

5.  Z3§.  6    —  7    3^  8    ^ 

99  '96'  '198  ■    102' 

9.  ii??.  10.   ?H4°.  11,    '44+3.        12.    596 

808  792  72+3  152 

IS.   ZS6.  14.         860  15    98x103. 

248  (io2)(i03)  101x97 
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Decimalize  approximately : 


EZEBCISES  LXXIV.  b. 

Fill  up  approximately  the  missing  parts  of  the  following  tables. 
(Assume  that  the  circumference  of  a  circle= 3141 59  x  diameter.) 


Bi...,.,  .,.«.. 

accnmrncnceofdidc. 

M 

9-8 

> 

(»l 

? 

63-46 

<rt 

25-1 

? 

W 

33-3 

? 

W 

SOS 

? 

M^i.„™, 

V.,.i... 

Density 

w 

J58 

64 

, 

(« 

1936 

241 

? 

M 

? 

103 

5.02 

(</) 

1831 

? 

8-g6 

<«) 

344.6 

? 

8-53 

An,™„,ofn.»«y. 

R.cp«„„., 

Time  in  yt»n 

Prestnt  valut. 

3.   {«) 

^8i.  6j. 

2i 

2 

? 

(*) 

Z60 

3 

? 

f^) 

Z.20 

4 

I 

? 

(«/) 

.£36 

5 

1 

? 
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In  the  evaluation  of  the  following  exercises,  it  is  found  that  the 
figures  marked  with  an  asterisk  should  have  been  changed  as 
indicated.     What  difference  approximately  will  this  make  in  the 


EnAMfLES. 

Error  in 
Suicmenl. 

Error  in  Rtsull. 

Worked  Examples- 
<fl)  989x47=46483 
(b)  2791-490-^3-98-708-5 

9  instead  of  8 
8         „        4 

0-1%,  or  47  too 

large. 

1  %,  or  7   too 

small  approx. 

71 656-228 -j-95.o6 =75  3-8 

5  instead  of  4 

71656-328  ■1-95-06= 753-8 

5         .,        6 

882-5401 9 -j- 9070-3 = 0-0973 

7         „        S 

882-540 19  -7-9070-3 = 0-00973 

3         „        6 

594-426842  ^00734  =  809-63 

4,-7 

? 

1 50-3  X  89-7  =1348 1-91 

3         ,.        9 

2i-84^4-i6=5-2S 

6         „        2 

23-6  X  18-5  xi4-8=646i-68 

8         „        9 

43i-25-^('2'S'<7-5)=4-6 

5         „        6 

705l-Mi2=63 

56        t.       42 

3-142  X  40^4=  126-9     approx. 

4         ,,        6 

i89-4-i-3-i42=6o-3            „ 

4         .,        7 

(3-i40(6i-2>-!.4=294f      ,. 

2         ..        5 

(j-i4TS9)<8o-i)«-=-4-5o39,. 

I         ,.        9 

s/656;  =  8i 

■     „    .       .       1 
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Approximatioiia  in  tlie  ExtrMtion  of  Sqnais  Boot. 

Example. — Find  the  square  root  of  ^%\■lt■^,^^■%^(il^^,..  , 
wAerg  the  number  is  only  approximately  known,  that  is,  where 
the  decimal  figures  heyond  the  i,  2,  3  are  unknown. 

Write  a,  b,  e,  ...  for  the  unknown  digits,  and  proceed  to 
extract  the  square  root  in  the  ordinary  n 


9    9 

0 

8 

3 

9 

8 

0 

9838 

J 

3 

98I17 

63 

5^ 

-87 

6, 

23 

ai 

cd\e/\gA\il 

inn 

^ 

1717 
1701 

:.9497i9a* 
Still  follow  (he  ordinaiy  method, 
but  indicate  the  figures  in  the 
remainder  which  are  incorrect, 
and  accent  the  figures  on  the 
left,  when,  on  account  of  the 
unknown  digits  0,  i,  c,  d,  their 
effect  is  invalidated. 
No.  of  effective 


Up  to  the  present  all  the  figures  have 
been  supposed  accuratriy  known, 
but  now  a,  b,  ...  represent  figures 
known  lo  exist,  but  the  values  of 
which  are  unknown. 


679609 


New  digit  is  o.    Poriod  c,  d 
is  brought  down. 
■9497i9ii4i:if    Next  digit  is  9,  bat  effect  of 
78J5116481         last  four  digits  is  invalid- 


19816796188      I 

1981^796(963 

i9Si<^796i'9^S 

19*1^-79^196767 

I '307 '757: 
1961679^19^743         1 6'...". 


bbioStrttef    being  unknown. 
58534369504     Diait  is  8,  but  although 
7674'.«....*/     one  digit  is  added  on 


Coot^lc 
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The  process  cannot  be  carried  any  further  as  alt  the  figures 
are  now  unknown,  the  answer  being  9908-3980983873. 

The  last  seven  digits  have  been  obtained  without  a  know- 
ledge of  the  figures  to  be  brought  down.  Since  ineffective 
figures  are  useless,  the  abbreviated  process  tnay  be  set  down 
as  below : 

9908-3980983873 
9   l98|i7l63lS2|'87|6iU^|a.iU.rf|...l.,.|...|...|... 
i89|i7    17 
19808    1 16  6352 
19816-3        1 7ISS-87 
19816*9      1 1943-9861 

i9Si6'78  160-484023        The  digit  o  cornea  next;  this  should  be 

added  to  (he  left,  but  two  figures  on 
left  aic  invxhdated  owing  ton,  ^;  the 
8  on  the  left  is  therefore  stiuck  out. 
■7  1-949719        The  second  8  on  the  left  is  now  struck 

1-949719  out,  the  digit  in  the  root  being  9. 

.166208 
7674 
1729 
144 


It  will  be  noticed  that  all  this  abbreviated  process  is  really 

that   of  contracted  division;   and  that,  having  obtained  any 

number  of  figures  in  the  ordinary  way,  an  equal  number  of 

figures  can  then  be  obtained  by  employing  the  methods  of 

contracted  division.     Also,  in  finding  the  square  root  of  any 

number,  say  Vn,  having  had  part  of  the  answer,  say  n,  the 

,           N  -  ra^     ,       .           remainder 
square  root  is  approximately  «H ,  that  is,  «  + 


Already  it  may  have  been  noticed  that  many  vulgar  fractions 
can  only  be  represented  as  decimals  by  using  an  infinitely 
lai^e  number  of  figures,  thus  3  =  0-333...  and  is  represented 
by  0-3. 
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There  are  other  quantities  which   cannot   be   represented 
exactly  either  by  a  decimal  or  a  fraction. 
For  example,  consider  Jl. 

•;   the  square  of  i  is  i 
and      „         „       2  is  4, 
clearly  -/i  is  something  lying  between  i  and  a,  that  is,  i-abc..., 
where  a,  ^,  c,  ...  are  certain  digits.     These  figures  cannot  ter- 
minate.    But  suppose  they  did  terminate,  and  that  c  was  the 
last  digit.     Go  through  the  process  of  squaring  i-adir. 


(suppose  s  the  last  digit) 


The  figure  a  must  be  a  zero,  and  therefore  cxc  must  give  a 
number  ending  in  o,  but  the  only  possible  values  of  c^  are 
I,  4,  9,  16,  25,  36,  49,  64,  81. 

Hence  the  decimal  does  not  terminate. 

Again,  J2  cannot  be  a  vulgar  fraction,  say  s  fof  then 
? 
^^2  would  =/,  where/  is  an  integer, 
and  2  .  f^  would  =/^. 

In  finding  the  square  root  of  an  exact  square  (j>^)  we  can 
find  the  factors  in  pairs ;  but  on  the  left  we  have  a  certain 
number  of  pairs  of  factors,  and  an  odd  one  ; 

.'.   s/i  cannot  be  a  vulgar  fraction. 
A  quantity  of  this  kind,  that  is  -/i,  is  called  a  Surd.     There 
is  no  difficulty,  however,  in  evaluating  surds  to  any  required 
d^ree  of  accuracy. 
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EZSBOISES  LXXIV.  c. 

1.  A  body  falling  freely  from  rest  describes  a  distance  in  feet 
equal  to  the  product  of  the  square  of  the  time  in  seconds  and  a 
factor  i6'i.  Find  the  time  in  sec.  taken  by  a  body  falling  through 
a  vertical  distance  of 

(a)  28140  ft.,  (*)  580  ft.,  (c)  z2oyd.,  (rf)  400  yd. 

2.  In  Ex.  1  what  would  be  the  factor  corresponding  to  i6'i  in 
the  metric  system,  where  the  distance  is  expressed  in  centimetres  ? 

3.  If  the  velocity  in  feel  per  second  acquired  by  a  falling  body 
is  numerically  equal  to  the  square  root  of  the  product  of  64-44 
into  the  height  (in  ft.)  fallen  through,  find  the  velocity  acquired  in 
a  fall  of 

(a)  I20  ft.  exactly,  (6)  324  ft.,  (c)  J  mile. 

4.  Two  ships  start  from  a  lightship.  One  sails  due  North 
for  ;  hours,  at  an  average  rale  of  8'4  miles  per  hour ;  the  other 
sails  due  East  for  5  hours  at  the  rate  of  17-5  miles  per  hour.  How 
far  apart  are  they  at  the  end  of  the  5th  hour  ? 

5.  The  length  of  an  incline  is  441  yards,  and  it  has  an  average 
rise  of  4  in.  per  yard.  What  is  the  height  of  the  upper  end  over 
the  lower  f 

6.  The  bottom  of  a  mine  is  reached  by  two  inclines,  the  first 
234  ft.  long,  with  a  fell  of  3  yd.  for  every  25  yd.  along  the  incline ; 
the  second  516  ft.  long,  ivith  a  fall  of  i  yd.  in  every  6  yd.  along 
the  incline.  What  would  be  the  shortest  distance  between  the 
top  of  the  mine  and  the  point  where  the  lower  incline  meets  the 
bottom  ? 

7.  Two  houses  are  directly  opposite  one  another,  the  road 
between  them  being  37'6  ft.  wide  ;  the  bottom  of  a  window  in  one 
house  is  8  ft.  higher  than  the  bottom  of  a  window  opposite  it  in  the 
other  house.    What  is  the  distance  between  the  two? 

8.  The  area  of  a  room,  the  length  of  which  is  half  as  much 
again  as  its  width,  is  216  sq.  ft.     What  is  its  width  ? 

9.  A  garden  plot,  the  length  of  which  is  8  times  its  breadth, 
has  an  area  of  4418  sq.  yd.    What  are  its  dimensions? 


;dbv  Google 


3i8  A   MODERN  ARITHMETIC 

10.  Find  the  side  of  the  base  of  a  square  prism,  the  height 
of  which  is  ii-z  in.  and  which  contains  596848  cub.  in.  of  matter. 

11.  A  cistern  with  a.  square  base  is  2  ft.  9  in.  high,  and  has  a 
capacity  of  14  cub.  ft.  1680  cub.  in.     What  is  the  side  of  the  base? 

12.  A  water  tank  with  a  square  base  is  4  fl.  7  in.  high  ;  it  can 
hold  1000  gals.  Assuming  a  gallon  to  be  equal  to  277!^  cub.  in., 
what  is  the  side  of  the  base,  true  to  the  nearest  inch  ? 

IS.  In  the  extraction  of  3  square  root  the  result  obtained 
without  any  contraction  is  862'5...,  and  the  remainder  is  6203. 
State  the  next  two  figures  in  the  square  root. 

14.  (a)  What  is  the  length  of  the  diagonal  of  a  rectangle  with 
sides  15  in.  and  8  in.? 

(i)  What  is  the  length  of  the  diagonal  of  a  square,  the  side  of 
which  is  43  ft.?  (true  to  the  nearest  foot). 

(f)  How  much  shorter  is  the  diagonal  of  a  rectangle  than  the 
sum  of  its  two  sides,  when  the  sides  are  35  fL  and  69  fL? 

(i/)  The  foot  of  a  ladder  28  ft.  long  stands  9  ft.  beyond  a  vertical 
wall  of  a  house.    What  is  the  height  to  which  the  ladder  will 

15.  The  area  of  a  square  field  is  14  ac.  3  ro.  24  po.  Find  its 
side,  true  to  the  nearest  link. 

16.  A  window  having  56  square  panes  of  glass  has  a  lighting 
area  of  537824  sq.  cm.     Find  the  side  of  each  pane. 

17.  A  square  lawn  of  36  ft.  side  is  surrounded  by  a  gravel  walk 
of  a  uniform  width  of  6  ft.  What  is  the  length  of  netting  which 
wdl  enclose  the  walk  and  lawn  ? 


EZEBCISES  LZXIV.  d. 
Onwhlc  Xat&MU  of  Andlng:  Bquars  Root. 
1.    Verify  by  measurement  the  correctness  of  the  following 
n  for  finding  square  roots : 
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Measure  off  a  distance  OA  equal  to  unity ;  produce  it  to  B  so 
that  OB  represents  the  number  N  of  which  the  root  is  required. 

Describe  a  semicircle  on  OB  as  diameter.  Draw  AC  at  right 
angles  to  OB,  then  OC  represents  s/N. 

2.  Verify  the  construction  in  Ex.  1  in  the  foliowing  cases  (i  cm 

N=4,  N=9,  N  =  i6,  N=i-69,  N  =  36,  N=2-25,  N=6-35. 
Show  also  that  AC  represents  the  square  root  of  AB. 

This  construction  maj'  be  extended  in  its  application,  thus  : 

3.  (a)  Measure  off  0A=3  in., 

0B=5  in.; 
prove  by  measurement  and  calculation  that  00  represents  the 
square  root  of  the  product  of  3  and  5,  i.e.  of  1 5. 

(i)  Extract  graphically  the  square  roots  of  (i)  i(^  (ii)  14,  (iii)  30, 
(iv)  «.5. 

4.  Construction  of  square  root  curve. 

Mark  off  on  squared  paper  two  lines  Ox,  Oy,  at  right  angles  to 
one  another.  On  the  line  xQ  mark  off  OL  to  the  left,  of  length 
representing  4.  Describe  a  number  of  circles,  each  with  centre 
on  LOr,  passing  through  L,  cutting  Oy  say  at  M,  and  0-r  at  N. 
Draw  MP,  NP  at  right  angles  to  Oy  and  Ox  respectively.  The 
,  various  positions  of  P  wilt  lie  on  a  curve  such  that  PN  represents 
the  square  root  of  ON. 

Use  your  curve  to  find  {a)  -Ti,  {b)  -Jii,  {c)  •/l^  (d)  V2I9,  each 
to  one  decimal  place;  verify  by  calculation. 

EXERCISES  LZXIV.  e. 

1.   A  boat  starts  at  A  and  lakes  the  following  courses  : 
Moves  3  miles  to  the  East,  but  at  the  same  time  4  miles  to  the  N., 
then  „     6     „  „  „  „  6-3    „        „ 

then  „     4-5  ,,  „  -,  „  3-8    „ 

State  its  final  position  ;  also  the  distance  between  the  initial 
position  and  the  final. 
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2.  In  Ex.  1,  state  the  final  position,  also  the  distance  between 
the  initial  and  final  positions,  when  the  courses  were  as  follows  : 

(fl)  (i)  3>zi  m.  to  E.,  i-o8  m.  to  N.;  then  (i)  326  m.  to  E., 
081  m.  to  N. ;  then  (3)  1-85  m.  to  E.,  o-ai  m.  to  S. 

(*)  (I)  61  m.  to  W.,  3-2  m.  to  N. ;  then  (2)  i-8  m.  to  E. ;  then 
(3)2-1  m.  toE.,  oi2m.  toS. 

(c)  (i)  s-6  m.  to  E.,  4-1  ni.  to  N.  ;  then  (2)  i-8  m,  to  E.,  i'6  m. 
to  S. ;  then  (3)  4-1  ro.  to  E.,  i-8  m.  to  N. 

3.  Complete  the  accompanying  table,  showing  the  relative 
lengths  of  the  three  sides  of  a  right-angled  triangle  in  which 
the  hypothenuse  has  different  inclinations : 


No.  of  Degrees 

Horizonlal  Mtuti.e. 

Ve,.i™l  Measure.      1 

30° 
40° 

0-98481 

0-86603 
0.76604 

? 
O-34202 

? 
? 

ApprozimationB  in  Sqtiare  Boot  {continued). 
Suppose  a  number,  say   104,  to  be  very  nearly  an  exact 
square;   the  first  two  figures  in  the  square  root  are  i  and  o, 
and  104-  10^  =  4. 

Two  more  figures  are  obtained  by  dividing  4  by  twice  10, 
i.e.  0-20,  and  it  is  seen  that  whereas  104  difiers  from  100 
by  4%, 

Vi 04=10-2  approx.  and  differs  from  10  by  2  %, 

and  more  generally  if  a  number  N  „         «'    „  x  %, 

Vn  „         n     „   f  %. 

This  and  the  results  on  page  311  form  the  basis  of  a  lai^e 
number  of  examples  of  mental  or  approximate  computations. 
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Example  i. — Evaluate  (a)  s/Jzs,  (b)  -^3636. 
(rt)  s/325  =  V3Z4  +  i=Vi8*+i 

(*)  1/3636 ;     3636  differs  from    3600  by  i  %, 
s/i6i6  „  Vi6HS„i% 

=  60  increased  by  J  % 
=  60-3  approx., 
while  the  error  in  the  approx.  will  be  J  %  of  J  %,  i.e.  -^  %. 

Example  2. — A  railway  has  a  vertical  rise  of  1   in   250 
horizontal.      What  is  the  length  of  rail  corresponding  to  a  rise  of 
/\ft.  length  i 
The  length  =  \/4^+  1000*=  1000 +  5^85  approx.  =  1000-008  ft. 

EZEBOISES   LXXIV.  f. 
■Bntal  or  Dna 

1.  On  a  railway  incline,  the  vertical  rise  is  I  it.  for  every  too  ft. 
horizontal.  What  is  the  length  of  the  incline  for  each  100  ft. 
measured  horizontally  ? 

2.  If  in  Ex.  1  the  rise  was  I  in  240,  what  was  the  length  of 
the  incline  if  the  rise  was  5  ft.  ? 

3.  In  an  incline  a  vertical  rise  of  3  ft.  occurs  for  every  150  ft. 
horizontal.  Find  an  approximation  to  the  length  of  the  incline 
corresponding  to  a  rise  of  6  ft. 

1.  State  the  number  of  decimal  places  to  which  the  following 
square  roots  can  be  found,  the  number  under  the  root  being 
approximate  ; 

(«)  •Jioo-b....  (i)  -^903... .  (c)  './40004.... 

(rf)  Viooooo-ooS....        (f)  n/6zs-3S....  (/)  v'4.44.... 
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Sqiuue  Boot  (continued). 
Subjoined  is  a  table  of  squares  of  the  first  60  numbers.     It 
may  be  employed  to  write  down  approximations  to  the  square 
roots  of  many  numbers. 


No. 

Squ«=. 

N. 

Squ^, 

N. 

Sq-ar.. 

No. 

Squ=r=. 

N. 

Square. 

No. 

Squ^. 

I 

I 

1' 

IJI 

21 

441 

31 

96E 

41 

1681 

51 

2601 

2 

4 

12 

[44 

22 

484 

32 

1024 

42 

1764 

52 

2704 

3 

9 

13 
'4 

169 

13 

529 

33 

1089 

43 

1849 

53 

2809 

4 

16 

196 

24 

576 

34 

1156 

44 

1936 

54 

2916 

5 

^5 

15 

M5 

25 

62s 

35 

I215 

45 

2025 

55 

3o*S 

6 

36 

16 

256 

26 

676 

36 

.296 

46 

2116 

56 

3136 

7 

49 

'  17 

289 

27 

729 

37 

1369 

47 

48 

2209 

57 

3*49 

S 

64 

1  iS 

3*4 

28 
29 

784 

38 

1444 

2304 

58 

3364 

9 

Si 

19 

36i 

841 

39 

1521 

49 

240! 

59 

3481 

.0 

.00 

JO 

400 

30 

900 

40 

1600 

50 

2500 

60 

3600 

Example  1.— Evaluate  s/572. 

n/572=\'s76-4=24-7^ 

Example  z.^Evaluate  V2710. 

^2710  =  72704  +  6  =  53+-— 


=  24-o-o8=23.9i, 


5» 


EXBBOISEB  TiXXTT. 
Use  the  above  table  to  evaluate 
1,  v'66.  2.  V630.      3.   Vi64o.      4. 

6.  ^3060.      7.   \/236.      8.   ^'los.        9. 


Va4i3.        5.  vt040. 
VI980.      10.  ^1809. 
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82.    PROPORTION  (continued). 

In  questions  of  Simple  Interest,  several  factors  are  involved. 
It  has  been  seen  (p.  278  et  seg.)  that  the  interest  depends 
upon  the 

(i)  Principal;  and  is,  other  things  being  the  same,  pro- 
portional to  the  principal ; 

(2)  Time;  and  is,  other  things  being  the  same,  proportional 
to  the  time  ; 

{3)  Rate  per  cent.;  and  is,  other  things  being  the  same, 
proportional  to  the  rate. 

Consider  now  more  general  problems  in  proportion,  in 
which  several  factors  are  involved. 

Example  i. — ^18064  lb.  of  biscuit  formtd  tki  allowance  to 
2016  men  for  35  days,  what  would  be  the  equivalent  allowance 
to  1 050  men  for  42  days  t 

The  factors  involved  are 

(t)  Time;  and  the  weight  of  biscuits  would  be  proportional 
to  the  time  if  the  number  of  men  remained  the  same ; 

(2)  Number  of  men;  and  the  weight  of  biscuits  would  be 
proportional  to  the  number  of  men,  if  the  time  remained  the 

First,  consider  only  the  time. 

If  18064  'b-  be  allowed  to  2or6  men  for  35  days,  then 
18064  X  Jl  lb.  would  be  allowed  2016  men  for  42  days. 

Next,  consider  the  number  of  men. 

If  18064  X  sj  be  allowed  2016  men  for  42  days, 
18064x55  x^g^g  would  be  allowed  to  1050  men  for  42  days, 
and  the  required  allowance 

- 18064  X  ^1 X  ^|§  lb.  =  JJ290  lb. 

Example  z. — ^,  in  hiring  goods,  the  cost  is  defermimd  as 
being  proportional  to  the  value  of  the  goods  and  to  the  titne  of 
hire;   what  would  lie   the  cost  of  hiring  goods  to  the  value 
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"f  £^5  /"''  5  '^'y^  '/  ^^  ^^'  '!f  *»>««^  gmxfs  to  the  value  of 
£^0.  $s-for  12  days  be  £^\.  lor.  od.1 

Here  the  hire  is  Xi.  ror.  x  -2-  x   /.^^  ^  ■■ 


8i 


=;i:i.« 


=  91.  3^  to  the  nearest  penny. 

Example  3, — Ont  locomotive  A  is  known  to  travel  52  ft-  fot 
every  35  ft.  that  another  locomotive  B  travels,  when  drawing 
their  customary  trains.  If  A  completes  a  journey  of  ZS'34  miles 
in  56  min.,  how  far  will  ^  go  in  i  hr.  32  min.1 

The  factors  involved  in  computing  the  distance  are  the 
speed  and  the  time. 

The  distance  travelled  by  B 

speed  of  B     time  B  travels      ..  _  .  _        . 

-•  — — 3 — T—  X =-  X  distance  A  travels 

speed  of  A    time  A  travels 

35  V  2_  w  -ic.Ki  mil^G 


iSxitx^x 


X  25-84  miles 
liles. 


=  28-57  miles,  to  2  decimal  places. 

EZEBOISEB  LXXT. 
1,  The  weight  of  the  load  which  can  be  supported  by  a  wire  is 
proportional  to  the  area  of  the  cross-section  of  the  wire,  and 
depends  also  on  the  nature  of  the  substance  of  the  wii-e.  If  a  steel 
wire  can  support  a  load  of  1-30  tons  for  every  0-75  ton  supported 
by  a  copper  wire  of  the  same  cross-section,  what  load  can  be 
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supported  by  a  wire  of  copper  of  02565  sq.  in.  cross-section,  if  a 
steel  wire,  section  0-1350  sq.  in.  can  support  a  load  of  7-02  tons? 

2.  The  extension  of  a  wire  when  stretched  is  proportional  to 
the  product  of  the  stretching  force  and  the  length  of  the  wire.  If 
a  wire  15-6  ft.  long  increases  in  length  by  0-24  in.  when  stretched  by 
a  weight  of  18  lb.,  what  increase  will  be  produced  in  the  length  of 
12  ft.  of  the  same  wire  when  the  load  is  26  lb.  weight? 

3.  On  a  certain  railway  the  passenger  fares  are  computed  as 
being  proportional  to  the  distance.  If  ^S^i-  nj.  6d.  be  received 
from  2705  passengers,  each  having  travelled  an  average  distance 
of  5I'6  miles,  what  fares  would  be  received  from  1384  passengers, 
each  travelling  an  average  distance  of  62-5  miles  ? 

4.  The  cost  of  lighting  a  house  by  electric  light  is  based  on  the 
number  of  lamps  alight,  and  the  time  during  which  they  are  alight. 
In  two  houses  the  consumption  is  as  follows  : 

House  A — 25  sixteen -candle,  power  lamps,  each  alight  on  the 
average  for  212  hrs.  . 

House  B — 17  sixteen- candle-power  lamps,  each  alight  on  the 
average  for  iSohrs. 

If  the  bill  for  electric  light  be  ^5.  101.  <id.  in  house  A,  what  is  it 
in  house  B  ? 

6.  In  silvering  articles  by  electrolysis,  the  amount  of  silver 
deposited  is  proportional  to  the  strength  of  the  electric  current  in 
amperes,  if  the  time  remains  the  same,  and  to  the  time  if  the 
current  remains  constant. 

If  1213-056  grams  of  silver  are  deposited  by  a  current  of  25 
amp&res  in  12  hrs.,  how  much  silver  wilt  be  deposited  in  210  min. 
by  a  current  of  36  ampferes  ? 

6,  With  the  data  of  Question  5,  find  in  what  time  352-6  grams 
of  silver  will  be  deposited  by  a  current  of  36  amp&res. 

7.  A  steam  engine  employed  in  pumping  water  from  a  coal 
mine  is  found  to  consume  an  amount  of  coal  proportional  to  the 
product  of  the  amount  of  water  pumped  up  and  the  depth  from 
which  the  water  is  raised.  If  112  lb.  of  coal  are  burnt  in  pumping 
c/boo  gallons  of  water  from  a  depth  of  600  ft,,  how  much  coal  will 
be  burnt  when  12,000  gallons  are  raised  from  a  depth  of  750  ft  ? 
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8.  The  [Kiwer  (measured  in  horse-power)  developed  by  a  water 
wheel  is  proportional  to  the  amount  of  water  it  receives  per  minute 
and  to  the  depth  of  the  fall. 

If  a  water  wheel  receiving  9000  gallons  of  water  per  minute,  with 
a  fall  of  13  ft.,  develops  a  power  of  iZ'S  horse-power;  find  the  horse- 
power of  a  similar  wheel  with  a  fall  of  loS  ft.  and  a  feed  of  8soo 
gallons  of  water  per  minute. 

9.  When  the  wind  blows  directly  upon  a  surface,  such  as  a 
wall,  the  force  exerted  by  the  wind  is  proportional  to  (a)  the  area 
of  the  wall,  (1*)  the  square  of  the  velocity  of  the  wind.  If  wind 
blowing-  at  15  miles  per  hour  exert  a  force  equal  to  the  weight  of 
270  lb.  on  a  wall  40  ft.  long  and  12  ft,  high,  what  force  would  be 
exerted  upon  a  wall  63  ft.  long,  15  ft.  high,  by  wind  moving  at  the 
rate  of  23  miles  per  hourP    (State  your  answer  to  the  nearest  lb.) 

10.  The  pitch  of  one  screw  A  is  2'54o  times  as  much  as  the  pitch 
of  another  B;  if  the  lirst.  A,  is  turned  through  360^  revolutions  in 
moving  through  a  distance  of  12-21  in.,  what  distance  will  the 
second  screw  B  move  through  in  452-5  revolutions?  State  your 
answer  to  second  decimal  place. 

11.  If  the  weight  of  a  square  bar  of  iron  25  in.  broad  and  12  ft. 
long  be  24i<44  lb.,  what  is  the  weight  of  a  square  bar  4-75  in.  broad 
and  7-5  ft.  long? 

12.  The  average  rain  fall  per  month  at  Scarborough  was  2-2S3  in-, 
and  it  was  calculated  that,  during  a  certain  period,  the  fall  of  rain 
on  a  certain  field  of  6- 34^  ac.  amounted  to  25-36  tons.  What  would 
have  been  the  total  weight  of  rain  received  during  the  same  period 
on  a  field  of  5'28i  ac.  at  Londonderry,  where  the  average  rain  fall 
was  3-375  in.  per  month? 

13.  Sheets  of  tin  plate  are  generally  sold  in  boxes,  containing 
varying  numbers  of  plates  of  different  sizes.  In  one  box  there  are 
225  sheets,  each  13I  in.  x  10  in.,  and  of  weight  I  cwt.  i  qr.  7  lb. 
What  will  be  the  weight  of  the  sheets  in  another  box  of  300  sheets, 
each  1 5  in.  by  1 1  in.,  the  thickness  of  the  sheets  being  the  same  in 


!dbv  Google 


MEASUREMENT   OF  ANGLES  337 

63.  MEASUREMENT  OF  ANGLES. 
Suppose  OA  and  OB  are  two  straight  lines  inclined  to  one 
another  at  any  angle.  With  O  as  centre  and  any  radius 
describe  a  circle  cu'ttii^  OA  and  OB  at  a  and  6  respectively. 
If  the  length  of  the  arc  a^  be  measured  (pp.  205,  206),  and 
its  length  divided  by  the  length  of  Oa  the  radius  of  the  arc, 
then,  AOB  remaining  the  same,  the  result  of  the  division  will 
not  depend  on  the  particular  length  Oa  chosen,  and  is  known 
as  the  circnlar  m«asiire  of  the  angle  AOB. 


x 

Suppose  a  line  OA  rotated  about  O,  into  a  position  OA',  in 
which  the  line  points  in  a  direction  exactly  opposite  to  OA. 

The  angle  turned  through  is  fwa  right  angles ;  a  line  such  as 
OB  making  equal  angles  with  OA  and  OA'  would  form  a  right 
angle  with  either  OA  or  OA'. 

The  circular  measure  of  an  angle  of  two  right  angles  is  the 
ratio  of  the  length  of  the  arc  of  a  semicircle  to  the  radius  of 
the  semicircle,  and  is  denoted  by  the  symbol  t;  its  value  is 
3-14159...  ;  but  the  approximation  -^f^-  is  often  used. 

The  divisions  and  subdivisions  of  the  right  angle  are  given 
in  the  following  table : 

I  right  angle  =  90  degrees  (90°). 
I  degree  *6o  minntefl  (60'). 
I  minute       =  60  seconds  {6o"). 
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Example   i. — Find  the   circular  measure  of  an    angle    q 
So°  13'  12". 
50°  13'  i2'  =  5o°  13-2'  since  60  seconds  make  one  minute. 
50°  13-2'     =50-22°      since  60  minutes         „  d^ree. 

But  the  circular  measure  of     180°  is  t. 


=  0-279  X  3-14159... 
=  0-8775.... 

Example  2. — Express  in  degrees,  minutes  and  seconds  an 
angle,  the  circular  measure  of  which  is  1-234. 

Since  the  angle  of  which  the  circular  measure  is  jt  has  180°, 
.'.  the  angle  of  which  the  circular  measure  is  1-234  has 
180°  X  1-234 


3-i4'59 
=  70-7030° 
■=70°  42-18'     (multiply  the  decimal  part  by  60 

to  reduce  to  minutes) 
=  70°  42'  ir"  approx.  (multiply  the  decimal  part 

by  60  to  reduce  to  seconds). 

Example  ^.—Ifan  arc  of  6-28^2  in.  subtend  an  angle  of  12° 
at  the  centre  of  a  circle  of  yinch  radius,  what  will  be  the  length 
of  the  arc  of  a  yinch  circle  which  subtends  an  angle  of  20? 

The  arc  is  proportional  directly  to  the  radius,  and  directly 
to  the  angle  subtended  at  the  centre. 

/,  length  of  arc"6-2832x^|x|  in.  approx. 
=  1-0472  in.  approx. 
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In  the  practical  measurement  of  angles  in  drawing,  a  pro- 
tractor is  usually  employed.  Figs.  49  and  so  show  the  method 
of  marking  off  an  angle,  and  also  of  measuring  an  angle. 


Fig.  49,— MarkiQg  oB'; 


,gl=  AOB  (40-). 


EXERCISES   LXZVI.  a. 

1.  Describe  a  circle  of  5  cm.  radius ;  on  it  mark  off  an  arc  also 
of  S  cm.;  measure  the  angle  the  arc  subtends  at  the  centre  and 
check  your  result  by  describing  circles  of  other  radii  and  setting 
off  arcs  equal  in  length  to  the  respective  radii. 

2.  Construct  a  graph  for  the  conversion  rf  degrees  into  circular 
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(Set  ofT  degrees  horizontally,  scale  i°  represented  by  a  line  I  mm. 
in  length  ;  at  a  distance  of  i8  cm.,  set  off  a  vertical  157  cm.  long 
representing  ir  on  a  scale  where  5  cm.  represents  the  unit  of 
circular  measure.) 

Use  your  graph  to  lind  the  circular  measure  of  the  following 
angles  j  verify  by  calculation  : 

W30-,    (*)!7-,    fr)6o',     ¥)-,2;     »  ua-,     (/)  .53-. 

3.  Describe  any  circle,  and  place  within  it  chords,  the  lengths 
of  which  are  the  following  multiples  of  the  radius  of  the  circle  : 

W  .-732,      W  I-.?',      W  ■,      W  <>-76s,      «  0-618. 
Find  the  angles  subtended  by  the  chords  at  the  centre,  and 
express  them  as  sub-multiples  (approx.)  of  360°. 

4.  Draw  two  straight  lines  Or,  Oy  at  right  angles  to  one 
another ;  along  Ox  measure  any  distance  ON  ;  at  N  erect  a 
perpendicular  NP.  Join  OP.  If  NP  be  n  times  ON,  find  the  value 
of  the  angle  PON  when  n  has  the  following  values  : 

(«)  2,      (d)  3,      (0  4,      W  h      W  i.      if)  J. 

5.  Suppose  PON  is  a  right-angled  triangle,  with  the  right 
angle  at  N  ;  measure  the  angle  NOP  when  the  rise  NP  is  the 
following  fractions  of  the  distance  OP ; 

Wo-.,        (»)o-2,        (4  0-3,        W0.4, 
(.)o-s,       (/)o-6,       te)o-7,        (J)o-8- 


EZ£ECI8ES  LZXYL  b. 

1,  Calculate  the  circular  measure  of  the  following  angles  : 
(»)6o*3o'3o',     (»)  3J' S' 17",     (()I9""'S0",     W  36- o' lo". 
Wis' 15' 15",    (/)34'I7'5".    Cf)i2"3'3",        (*)  83- 12' |8-. 

(Assume  jr=3-i4i59-) 

2.  Express  in  degrees,  minutes,  and  seconds,  the  angles  of 
which  the  circular  n 


(«)o-234S7,      (4)0823214,      (t)  0-98728,      t/t)  yni 
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3.   Complete  the  following  table  : 


Unph  of  Arc 

Radij.5  of  CLrele 

Cmire  of  Cin-ie. 

(") 

1-834 

3'13 

?  to  nearest  degree. 

m 

? 

22-2 

13' 

w 

2S-8 

19 

?  to  nearest  degree. 

i'i) 

? 

loe 

I' 

w 

85-0 

? 

29° 

(/) 

lOO 

? 

3/ 

54.    AREAS  OF  CIRCLES. 

EXEBCISE8  LXZVIL 

araphic. 

1,   Describe  on  squared  paper  circles  of  the  following  radii,  and 
find  iheir  areas : 
M  ,  cm,    («)  2  cm.,    W  3  cm,    (O  4  cm,    (,)  5  cm,    (/)  6  cm. 

Draw  a  graph  showing  the  relation  between  the  areas  of  the 
circles  and  the  squares  of  their  radii. 

Draw  also  a  graph  showing  the  relation  between  the  circum- 
ferences of  the  circles  and  their  diameters.  Compare  the  two 
graphs  and  interpret  your  results. 


2.   Cut  out  a  circular  disc  of  paper  or  cardboard,  divide  it  into 
triangles  as  in  Fig.  51  and  arrange  as  10  Fig  53     Note  that  the 
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tigure  is  practically  a  rectangle,  and  that  one  side  of  the  rectangle 
is  half  the  circumference  of  the  circle,  while  the  other  side  is  equal 
to  the  radius  of  the  circle.  Hence  deduce  an  expression  for  Che 
area  of  a  circle. 

3.  Cut  out  a  sector  of  a  circle  of  6-inch  radius,  proceed  as  in 
Ex.  2,  and  deduce  an  expression  for  the  area  of  the  sector  in  terms 
of  the  radius  and  the  arc. 


Fig.  S3. 

4.  Suppose  the  space  within  a  circle  filled  by  circular  c 
centric  pieces  of  cord  as  in  Fig.  53. 

Suppiose  the  cords  all  cut  along  . 
radius  and  straightened  out  as  is  th 
typical  cord  in  Fig.  54. 

What  figure  will   result?    Deduc 
expression  for  the  area  of  the  circle. 

It  will  now  be  clear  that  the 
M«*  oTKdTde 
=  J  (i«dliu)  X  (dToamftmiM) 
»Trr>, 

5.  If  a  circle  be  divided  up  into  a  number  i:^'  sectors  all  con- 
taining equal  angles,  it  is  clear  that  the  areas  of  all  the  sectors  are 


circle.  jf^  ■!*- 


;dbv  Google 


AREAS  OF  CIRCLES 

equal,  and  therefore  that  the  area  of  a  sector  ci 
equal  to 


sfc^- 


-J6S>' 


Describe  sectors  of  a  circle  of  3-inch  radius  containing  (a)  30°, 
{6)  $0°.  Calculate  ihe  areas  of  the  sectors  by  means  of  the  formula, 
and  verify  by  the  use  of  squared  paper.  Find  the  areas  also  by 
first  measuring  the  lengths  of  the  correspwnding  arcs  and  then 
multiplying  by  half  the  radius. 


6-  fig.  55  represents  graphically 
the  relative  distribution  of  land  in 
Russia  as  (a)  arable  land,  (b)  meadows 
and  pastures,  (f)  woods  and  forests  and 
{li)  infertile  areas.  Express  the  areas 
as  percentages  of  the  whole. 


7.  Fig.  56  represents  the  division 
of  the  population  of  the  United  States 
according  Co  occupation.  If  the  in- 
dustrial class  be  9-3  %,  find  the  per- 
centage of  the  other  classes  shown. 


8.   Construct   four  right-angled   triangles,   and   ii 
describe  circles  with  the  sides  of  the  triangles  as  rai 
the  areas  of  the  circles  and  find  the  relation  existing  between  the 
areas  of  the  circles  corresponding  to  each  triangle. 
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9,   The  circles  {a),  (b),  {c)  (Fig.  57)  have  areas  proportional  to 

the  populations  of  China  and  its  dependencies,  the  British  posses- 
sions, and  Russia  writh  Finland  respectively.    If  the  population  of 


China  and  its  dependencies  be  434  millions,  find  the  other  popula- 
tions represented. 

10.  Copy  the  given  sector  (Fig.  58)  on 
squared  paper,  complete  the  circle,  find  the 
areas  of  the  sector  and  the  circle,  calculate 
the  angle  of  the  sector  and  verify  by  using  a 
protractor.  '" 

M.    THE  PRISM  AND  CYLINDER. 
If  a  prism  or  cylinder  be  cut  into  a  number  of  small  prisms 

or  cylinders  of  equal  lengths  by  planes  perpendicular  to  the 
length  of  axis,  the  pieces  so  formed  will  be  clearly  of  equal 
volume  and  of  equal  lateral  surface.  Equal  increases  in  the 
length  of  a  prism  or  cylinder  will  therefore  occasion  equal  in- 
creases in  the  volume  and  lateral  surface ;  and,  since  the  volume 
and  lateral  surface  both  vanish  when  the  solids  are  indefinitely 
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short,  the  volume  of  a  cylinder  or  a  prism  is  proportional  to 
the  length  of  the  cylinder  or  prism,  and  so  also  is  the  lateral 
surface. 

But  if  the  prism  be  i  ctn.  long, 
it  is  clear  that,  corresponding  to 
each  square  centimetre  of  the  end, 
there  is  r  cubic  centimetre  of 
volume.  Hence,  the  volume  is 
proportional  to  the  area  of  the 
end  of  the  prism,  and  the  volume 
of  a  prism  or  cylinder  =  (area  of  Fig.  59.  fig.  &>. 

end)  (length),  and 

.'.  volume  of  cylinder  —  (irr*)  (/), 
where  /is  the  length,  r  the  radius  of  end. 

Again,  if  a  piece   of  paper  be  wrapped  tightly  round  a 

cylinder  or  prism,   it  will  be  evident  that,   in   both  cases, 

the  lateral  surface  =  (perimeter  of  base)  (length),  and  therefore 

for  a  cylinder  the  curved  surface  =  zirrl, 

where  r=  the  radius  of  end  and  /  the  length  of  the  cylinder. 


EXEBOISES  TiX  XVIII,  &. 

FraoticaL 
\^Apparalus :  Sheets  of  metal  or  cardboard.  .  Tim  or  beakers. 
Callipers.     Scale.     Coil  of  wire.     Cylinders.    Burette.    Balance. 
Squared  paper.     Screw  gauge."] 

1,  Weigh  the  given  irregularly  shaped  sheet  of  meial  or  card- 
board ;  cut  out  a  rectangular  piece,  measure  its  lenglh  and  breadth 
and  then  weigh  il.  Calculate  the  area  of  the  irregular  piece,  check 
your  result  by  tracing  its  outline  on  squared  paper  and  counting 
the  number  of  squares. 

2.  From  a  piece  of  cardboard  cut  out  a  circular  disc  and  also  a 
square,  the  radius  of  the  circle  being  equal  to  the  side  of  the 
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square.     Weigh  both  and  compare  the  area  of  the  circular  disc 
with  the  area  of  the  square. 

3.  Pour  water  into  a  beaker  or  tin  to  a  convenient  depth  ;  run 
in  more  water  from  a  burette  until  the  depth  is  increased  by  I  cm.; 
note  the  volume  run  out  from  the  burette.  The  volume  in  c.c. 
will  equal  the  area  of  the  section  of  the  beaker  in  sq.  cm.  Find 
the  ratio  of  this  area  to  the  square  of  the  diameter  of  the  section 
flf  the  beaker. 

4.  Weigh  the  given  coi!  of  wire  of  known  density,  measure  its 
diameter  by  means  of  a  screw  gauge,  calculate  the  length  of  the 

5.  Measure  the  length  and  diameter  of  the  given  cylinder  and 
calculate  its  volume;  check  by  finding  the  volume  by  displacement 
and  also  by  finding  the  loss  of  weight  in  water. 

6.  Calibrate  the  given  glass  tube  by  introducing  mercury  into 
the  bore  and  finding  the  length  of  the  column  at  different  places. 

7.  Calculate  the  volume  of  the  given  washer  (a)  by  measure, 
ment,  (#)  by  displacement. 

8.  You  are  given  three  pieces  of  wire  of  the  same  length  and 
material ;  compare  their  cross-sections  (a)  by  weighing,  (*)  by  use 
of  a  screw  gauge. 

EXEBCISES  LXXVni.  b. 

Mental  or  OnJ. 

In  all  the  following  exercises  ir  may  be  taken  as  ^  approximately, 

1.  What  is  the  area  of  the  end  of  a  regular  prism,  having  the 
volume  256  c.c  and  length  32  cm.? 

2.  What  is  the  internal  volume  of  a  hollow  square  prism  of 
length  12  ft.,  outside  edge  of  base  I  ft.  and  thickness  I  in.? 

3.  The  curved  surface  of  a  cylinder  is  44  sq.  ft,  the  circum- 
ference 4  ft.    What  is  the  length  ? 

4.  The  curved  surface  of  a  cylinder  is  44  sq.  fl.,  the  length  i  ft 
What  is  the  radius  ? 
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6.  Find  approximately  the  volume  of  a  cylinder  4  ft.  long  and 
7  ft.  radius. 

7.  Find  approximately  the  volume  of  a  cylinder  14  cm.  long 
and  35  cm.  radius. 

8.  Find  approximately  the  length  of  a  cylinder  7  in.  radius  and 
volume  308  cub.  in. 

9.  Give  an  approximate  expression  for  the  volume  of  the  sub- 
stance of  a  pipe  7  ft.  long  and  I  fi.  internal  radius,  J  inch  thick. 

10.  What  weight  of  water  could  be  contained  in  a  cylindrical 
bucket  I  ft.  deep  and  i  ft.  in  diameter.-' 

11.  How  many  lb.  does  a.  steel  cylinder  weigh,  7  ft.  long  and 
I  ft.  radius,  if  I  cub.  ft  weighs  450  lb.? 

12.  Whai  is  the  internal  radius  of  a  cylindrical  tube,  the  internal 
volume  of  which  is  198  c.c,  and  length  7  cm.  ? 


EZEB0ISE8  LXZVnL  c. 


3.  A  well  is  623  ft.  in  diameter.  How  many  cub.  ft.  are  in  the 
well  when  it  contains  water  to  a  depth  of  50  ft.? 

4.  A  pump  has  a  piston  9-32  in,  in  diameter,  the  length  of  the 
stroke  is  25  in.  What  volume  of  water  does  the  pump  lift  per 
stroke  ? 

5.  The  internal  surface  of  a  pipe  is  2704  sq.  cm.  and  the 
contents  5831  c.c.  What  is  the  length  of  the  pipe,  also  its  internal 
diameter  P 

fi.  What  is  the  volume  of  the  material  of  a  pipe  per  foot  length, 
if  the  inside  diameter  is  0.892  ft.  and  outside  diameter  0'92a  ft.? 
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7,  What  is  the  weight  of  30  ft.  of  an  iron  pipe,  9  in.  outside 

diameter  and  1-2  in.  thickness,  if  a  cubic  foot  of  iron  weighs  450  lb.? 

8,  If  a  solid  rod,  662  in.  diameter,  weighs  17-2098  lb.,  what  is 
the  weight  of  a  rod  of  the  same  metal  48  in.  diameter,  but  2-25 

9,  Regarding  an  iron  roller  as  a  hollow  cylinder,  find  the  area 
it  rolls  per  revolution,  if  its  thickness  be  i-8  in.,  its  internal 
diameier  2  ft.  3  in.,  and  its  weight  1357  lb. 

(i  cub.  ft.  of  iron  weighs  450  lb.) 

10.  Find  the  (i)  volume  and  (ii)  curved  surfaces  of  the  following 
cylinders : 

Diainaur.  Lugih.  DiimcHr.  Imgih. 

(n)  8-72  cm.        600  cm.  (<*)  32-2  cm,        12;  cm. 

(r)  0-231  cm.       3  cm.  (rf)  5r-3  cm.         12  cm. 

11.  A  piece  of  iron  wire,  30  metres  long,  weighs  8-553  S^-  i"  "if 
and  1-1404 gr.  less  in  water.     What  is  its  diameter? 

12.  In  order  to  5nd  the  bore  of  a  piece  of  thermometer  tubing, 
mercury  is  let  into  it  1  and  it  is  found  that  0-134  gram  of  mercury 
occupies  a  length  of  40  cm.  of  the  tube.  What  is  the  mean  diameter 
of  the  bore?     (One  c.c.  of  mercury  weighs  13-6  gr.  approx.) 

13.  Mercury  is  introduced  into  a  piece  of  glass  tubing ;  at  one 
place  A  it  occupies  a  length  of  8-19  cm-;  at  B  a  length  of  6-58  cm.; 
and  at  C  a  length  of  8-64  cm.  Express  the  diameters  at  A  and  B 
in  terms  of  that  at  C. 

11.  l(  a  certain  piece  of  wire  weighs  636174  grams,  and  has  a 
diameter  of  0-300  cm.,  what  is  the  diameter  of  a  piece  of  the  same 
length  and  material,  but  which  weighs  44-1787  gr.? 


56.    SIMILAR  FIGURES. 
EZ&BCISES  TiXXTX.  a. 


1.  A,  B,  C  D  are  four  cubes,  A  of  I  cm.  edge,  B  of  2  cm.  edg^ 
C  of  3  cm.  edge,  D  of  4  cm.  edge.    Write  down  their  volumes. 
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ingular  blocks  of  the  following  di  i 


L.nglh. 

B«adth. 

Thiclo^^^,. 

A 

2  cm. 

I  cm. 

1  cm. 

B 

4  cm. 

I  cm. 

2  cm. 

C 

6  cm. 

3  cm. 

3  cm. 

D 

8  cm. 

4  cm. 

4  cm. 

It  will  be  noticed  that  all  the  blocks  are  of  similar  si 
Calculate  their  volumes,  and  mention  anything  you  may  n 
about  the  result. 

3.   A,  B,  C  D  are  four  blocks  of  the  following  dimensions  : 


Langtb. 

fc^dd.. 

Tbick^i 

A 

4-25  cm. 

1-3  cm. 

0-8  cm. 

B 

8-5    cm. 

26  cm. 

1-6  cm. 

C 

I7-0    cm. 

5-2  cm. 

3-2  cm. 

D 

34  cm. 

104  cm. 

6.4  cm. 

Fill  up  the  following  table  with  reference  to  the  blocks  B,  C,  D  : 


Length  of  ^ock 

Brudih  or  Block 

Thicknea  of  Block 
TbiokoesofA 

Volume  of  Block 
'   Vol»>«ofA 

Breadth  of  A 

B 

C 

D 

4.  A,  B,  C,  D  are  rectangular  blocks  having  dimensions  repre- 
sented by  the  following : 

A,  length    /  in.,  breadth    b  in.,  thickness,    /  in. 

B,  „  2/  „  ,  2*  „  „  2t  „ 
c,  „  y  „  „  3*  ..  .,  3'  „ 
0,      „      4^  „         „        4*  „            „  4'  ., 

Find  the  multiples  that  the  volumes  of  B,  C,  O  are  respectively 
of  that  of  A  ;  and  express  the  results  in  factor  form. 

Illustrate  the  result  with  respect  to  block  B  by  a  figure. 
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5.  The  volume  of  a  block  of  length  362  cm.,  breadth  19  cm., 
thickness  iii  cm,,  is  7634-58  c.c.  Write  down  the  volumes  of  the 
following  blocks : 

(a)  length  72-4  ;    breadth  38  ;    thickness  22-3  cm., 
(d)       „      362;  „        190;  „        III  cm.. 


(^) 


95; 


S-55C 


6.  A  rectangular  block  of  iron  weighs  7  ton  4  cwt.  What 
is  the  weight  of  another  block  of  iron,  half  as  long  again  as  the 
first,  half  as  broad  again  and  half  as  thick  again  ? 

7.  A  leaden  bullet  is  1-2  mm.  in  diameter  and  weighs  x  grains. 
What  will  be  the  weight  of  a  bullet  having  the  diameter  0'84  cm.  ? 

8.  How  many  bullets  of  2-4  mm.  diameter  could  be  obtained 
from  a  lai^e  ball  of  172-8  cm.  radius? 

9.  A  hollow  shell  has  its  outer  diameter  12  in.  and  inner  diameter 
10  in. ;  if,  instead  of  being  hollow,  it  had  been  solid  throughout, 
the  weight  would  have  been  243  lb.  What  was  the  weight  of  the 
actual  shell  P    Express  your  answer  in  factor  form. 

EXEBOISES  LXXIX.b. 


1.    Copy  Fig.  61  in  your  squared  paper  exercise  hook.     Mark 
any  point  O  within  the  figure.    Join  O  to  each  comer  or  salient 

point  a,  b,  c, Produce  Oa  to  A  so 

that  ak  =  Qa,  produce  O*  to  B  so  that 


=0*... 


Joi 


AB...  and 


%  AB...  of  the  s 


so  obtain  a  figui 

shape  as  ab 

Find  the  ratio  of 
(i)  AB:n*;   BC:*c..., 
(ii)  Ihe  area  of  ABC...  to  that  ofaic... 

2.  Repeat  Ex.  1,  but  this  time  en- 
large the  figure  so  that  OA  is  1-4  times 
Oa,  OB  is  1-4  times  O^  and  so  on. 

3.  The  given  plan  (Fig.  62)  is  drawn  to  such  a  scale  that  I  acre 
is  represented  by  i  square  inch  ;  (a)  reduce  it  so  that  4  acres  are 


nm 

1  j.;^^. 

i  -^  -.  t 

^   f 

-  tft^^ 

^:- 

^H:iti 

U^r^ 
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low  represented  by  i  square  inch,  (,b)  enlarge  it  so  that  i  rood 
s  represented  by  i  square  inch. 


--  -^  -- 

^--^i 

4.  The  areas  of  the  circles  marked  A,  B,  0,  D,  E  were  employed 
on  a  chart  to  represent  the  population  of  the  Colonial  possessions 
and  protectorates  of  England,  ^ 

France,  the  Netherlands,  Bel- 
gium and  Germany  respec- 
tively. If  the  inhabitants  of  the 
Colonies,  etc.,  of  the  British 
Empire  number  400  x  10°,  what 
are    the    populations    of    the 

6.  Draw  a  digram  show- 
ing, by  the  areas  of  circles,  a 
comparison  between  the  popu- 
lations of  Rhodesia  (580000), 
Nigeria  (467280),  Bechuana- 
land    (38000X    North    Central  *"'"•  *'■ 

Africa  Protectorate  (330780X  Cape  Colony  {277000),  East  Africa 
(200000). 
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6.  Draw  a  triangle,  with  sides 
twice  those  of  Fig.  64.  Suppose 
that  your  triangle  represents  the 
number  (160)  of  pupils  per  1000 
of  inhabitants  in  the  Netherlands, 
draw  triangles  of  the  same  shape 
to  represent  the  number  per  1000 
in  each  of  the  folloiring  countries  ; 
Great  Britain  151^  Austria  140, 
Belgium  124,  Italy  84,  Roumania 
SO. 


67.  INVERSE  PROPORTION. 
Consider  the  following  example  in  proportion  : 
Example. — Oie  Irain  A  travels  at  30  miles  per  hour,  another 


•)  miles  per  hour.     If  k  completes  a  Journey 
'  long  will  B  lake  to  complete  tht  same 


train  B  travels  a 
in  3  hr.  2, 
Journey? 

If  train  A,  travelling  at  30  miles  per  hour,  completes  the 
journey  in  200  minutes  (3  hr.  20  min.),  a  train,  travelling  at 
I  mile  per  hour,  would  complete  the  journey  in  30  x  200  min. 

A  train,  travelling  at  20  miles  per  hour,  would  complete  the 
journey  in  ^ minutes. 

.'.   train   B  would  complete  the  journey  in   ^ ^  i.e. 

300  min.  or  5  hr.  ^° 

In  this  case 

the  time  taken' by  B  =  (time  taken  by  A)  speed  of  A 
'    '  speed  of  B' 
or,  the  times  are  inveisely  proportional  to  the  speed. 

The  following  cases  are  further  examples  in  which  the 
proportion  is  inverse : 

(d)  The  base  of  a  triangle  is  inversely  proportional  to  its 
altitude,  if  the  area  remains  the  same. 
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(l>)  The  densities  of  bodies  are  inversely  proportional  to 
their  volumes,  if  their  masses  be  the  same. 

(c)  The  time  is  inversely  proportional  to  the  principal  if  the 
interest  and  rate  per  cent  remain  the  same. 

A  great  number  of  problems  involving  direct  and  inverse 
proportion  are  best  done  by  use  of  equations,  following  out 
the  method  adopted  in  the  following  typical  examples  : 

Example  i. — Two  bodies  are  of  the  same  mass.     In  the  first, 
the  volume  is  3 1  '8  cc,  and  the  density  is  8-82  gm.  per  f.f.     What 
ts  the  volume  of  the  second  if  the  density  is  1-20  gm.  per  c.c.1 
Mass  of  the  first  =  mass  of  the  second. 
Vol.  of  second  x  density  of  second  •^  vol,  of  first  x  density  of 
first 
VoL  of  second 

vol.  of  first  X  density  of  first 
~  density  of  second 

_  31-8  y  8-82 

7-20 
=-38.9  cc. 

Example  3. — Tivo  cylinders  are  of  the  same  mass;  the  first  A 
is  1 2-6  cm,  long,  3'4  cm.  in  radius  and  each  cubic  centimetre  of  its 
substance  weighs  6-42  grams.  The  second  B  is  r6-a  cm.  long  and 
made  of  a  substance,  each  centimetre  of  which  weighs  11 -a  grams. 
What  is  the  radius  of  the  second  ly  Under? 

Here,  square  of  radius  of  B  x  length  of  B  x  density  of  B 
=  square  of  radius  of  A  x  length  of  A  x  density  of  A. 

.'.  square  of  radius  of  B 

_  (square  of  radius  of  A)  x  (length  of  A)  x  (density  of  A) 
(length  of  B)  X  (density  of  B)  ' 


264-6 


-(3-4)'<4\ 


On  evaluating,  the  radius  is  found  to  be  =  2-27  cm. 
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Note. — An  approximate  answer  should   always  be  found. 
This  can  frequently  be  done  in  several  ways. 

Thus,  roughly,  radius  =  (3.4)x  J--^  =  (3-4)  J^ 


=  3-4*;o-45, 
,  lies  between  6  and  7  times  0-34. 
/9  „  6-42 


radius  =  (3-4). 

\  6-42 


=  2-27  approx. 
These  approximations,  however,  should  be  generally  mental. 

EXEBCISES  LXXX.  a. 
Oral  Dr  MsnUL 

1.  Two  rectangles  are  of  the  same  area  ;  the  length  of  the  first 
is  6  times  the  length  of  the  second,  and  its  breadth  is  12  ft.j  what 
is  the  breadth  of  the  second? 

2.  A  rectangular  leaden  block,  ^■b  ft.  long,  is  melted  down  and 
recast  into  a  block  with  a  cross-section  J-  of  its  original  amount ; 
what  is  its  new  length  ? 

3.  If  a  field  could  be  ploughed  by  a  certain  number  of  men  in 
14  days,  in  what  time  could  it  be  ploughed  by  ^  times  the  number 
of  men? 

4.  A  certain  field  can  be  ploughed  by  a  certain  number  of  men 
in  6  days  :  in  what  lime  could  a  field  of  3  times  the  extent  be 
ploughed  by  twice  the  number  of  men  ? 

6.  Two  masses  are  of  equal  weight :  one  has  a  density  7,  the 
other  a  density  2 ;  the  volume  of  the  one  is  12  cub.  in.;  what  is  ths 
volume  of  the  second  ? 
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6.  The  bills*]r  lighting  two  rooms  were  the  same  :  in  the  first 
room  there  were  6  burners,  each  ahght  on  the  average  45  hours  ; 
there  were  5  burners  in  the  second  room ;  how  long  were  they  each 
alight  on  the  average? 

7.  The  diameters  of  two  wheels  on  a  locomotive  are  6  ft.  and 
3J  ft  respectively  ;  the  first  wheel  makes  4200  revolutions  in  a 
certain  journey  :  how  many  does  the  second  wheel  make? 

8.  A  is  50  %  of  B  and  40  %  of  C  :  what  percentage  is  B  of  C  ? 

9.  A  is  50  %  of  B,  B  is  40  %  of  C  :  what  percentage  is  A  of  C  ? 

10.  If  100  ft.  of  a  wall  8  ft.  high  can  be  painted  for  ^10,  what 
length  of  a  6  ft.  wall  could  be  painted  for  £12  ? 

11.  If  a  ream  of  paper  7a  in.  by  48  in.  weighs  28  lb.,  what  will  be 
the  weight  of  a  ream  of  paper  24  in.  by  16  in.? 

12.  The  capital  of  a  company  A  is  f  ths  that  of  a  company  B  : 
if  company  A  declare  a  dividend  of  10%,  what  dividend  could  be 
declared  by  B  with  twice  the  net  pi-ofits  ? 

13.  The  simple  interest  On  a  certain  sum  of  money  was  ^50 
in  6  years  :  in  what  time  would  the  interest  on  a  sum  half  as  large 
again  reach  ihe  same  amount,  at  the  same  rate  of  interest  ? 

14.  Two  equal  sums  of  money  are  put  out  at  simple  interest, 
and  both  obtain  the  same  return ;  in  one  case  the  rate  per  cent, 
per  annum  was  8  and  the  time  6  months  ;  in  the  second  case  the 
time  was  9  months.    What  was  the  rate  per  cent.  ? 

15.  The  number  of  swings  made  by  a  simple  pendulum  in  a 
given  time  varies  inversely  as  the  square  root  of  its  length  :  if  a 
pendulum  9  ft.  long  makes  60  swings  in  a  certain  time,  how 
many  more  would  be  made  in  the  same  time  by  a  pendulum 
only  4  ft.  long? 

16.  If  TO  men  reap  a  field  in  24  hoiu:s,  in  how  many  hours 
can  8  men  reap  it  ? 

17.  5  men  can  mow  4  acres  in  5  hours  :  how  long  would  it  take 

18.  The  carriage  of  80  tons  4  cwt.  for  50  miles  is  ^11.  45.: 
what  would  be  the  carriage  of  401  tons  for  20  miles  at  the  same 
rate  per  ton  per  mile? 
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19.  8  gas  burners  in  32  hours  use  looo  cub.  ft.  c*  gasr  how  long 
would  the  same  quantity  last  with  6  burners  using  it  ? 

20.  A  tank  full  of  water  is  emptied  by  a  pipe  having  a  sectional 
area  of  144  sq.  cm.  in  i'6  hours.  In  what  time  could  it  be 
emptied  by  a  pipe  having  a  sectional  area  of  18  sq.  cm.  ? 


Examination  of  Qnastities  for  Proportiim. 

The  following  are  examples  in  which  tests  are  made  with 
the  object  of  finding  out  if  one  quantity  is  proportional, 
directly  or  inversely,  to  another. 

Example  i. — In  the  table  given  below,  discuss  the  connexion 
between  the  temperature  at  which  water  boils  and  the  pressure  of 
the  air: 


Pressure  in  mm.       .... 

680 

700 

720 

740 

Temperature  in  degrees  Centigrade  ■ 

9692 

97-72 

98-49 

99-26 

Here  both  quantities  increase  t(^ether.  If  the  temperature 
and  the  pressure  were  proportional,  equal  changes  in  pressure 
would  mean  equal  changes  in  temperature.  Plotting  a  table 
of  differences,  we  find 

Difference  in  pressure  20  20  20 

„  temperature         o-8o         0-77       0-77. 

The  last  pair  of  dilferences  might  suggest  however  propor- 
tionality, but  with  an  error  in  the  first. 

.'.  evaluate  -'^%.,    i.e.  7-45, 
99-25 

and  -^,     i.e.   7-31, 

98-49 

and  Too_      ^.^       jg 

97.72 
These  results  are  not  equal,  and  the  iquantities  are  therefore 

not  proportional. 
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Example  a. 


I 

s              3 

4 

S 

6 

Diameter  of  wire 
in  inches 

o-soo 

O-40O 

O'Soo 

0040 

o-oio 

0»„ 

Resistance  in  olims 
perloc«ft. 

0040216 

0062B37 

0-11171 

6-2837 

^5 '35 

100- S4I 

Note  columns  (2)  and  (4).  It  is  seen  that  decreasing  the 
diameter  to  j^th  the  original  increases  the  resistance  loo-fold 

Test,  therefore,  if  the  resistance  is  inversely  proportional  to 
the  square  of  the  diameter.  Form  a  new  row  in  which  the 
number  in  row  (a)  above  is  multiplied  by  the  square  of  the 
number  in  row  (r).     The  result  obtained  is  found  to  be 


. 

^ 

3 

4 

5 

6 

0-010054 

OH3I 005391 

00100539 

0-0100539 

00100540 

0-010054 1 

From  the  equality  of  the  products  it  is  inferred  that  the 
resistance  in  ohms  per  1000  ft.  is  inversely  proportional  to 
the  square  of  the  diameter  in  inches. 

The  example  may  be  treated  graphically.  Plot  the  re- 
ciprocal of  the  resistance  against  the  square  of  the  diameter ; 
if  the  quantities  are  proportional,  the  graph  will  be  a  straight 
line  passing  through  the  intersection  of  the  reference  lines. 

EZEB0I8ES    T.-rg-g-  b. 
Oraphlo. 

1.  The  following  table  gives  corresponding  values  of  pressure 
and  volume  for  a  given  quantity  of  air  kept  at  constant  tempera- 
ture. Draw  a  graph  showing  bow  the  reciprocal  of  the  volume 
changes  with  the  pressure.  What  deduction  can  you  make  from 
the  graph  ? 


per  sq.  cm.       / 

600 

650 

700 

750 

So. 

8p 

900 

950 

Volume  in  c.c. 

3726 

34-40 

3194 

29-8. 

27-94 

2630 

24-84 

'35° 
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Find  also  from  your  graph  (a)  the  pressure  when  the  volume 
s  30  c.c,  (6)  the  volume  when  the  pressure  is  825. 


2.  The  following  table  gives  Ihe  weight,  length,  breadth  and 
thickness  of  a  number  of  blocks  of  metal ;  draw  a  graph  connecting 
the  weight  with  the  volumes  ;  state  which  of  the  blocks  are  probably 
made  of  the  same  substance  : 


(a)        (*)         (,)         W        (*)        (/) 


(*■) 


Weight  in  gr. 

.382 

634 

1268 

1760 

5.84 

880 

3857 

Length  in  cm. 

8 

6 

.2 

>o 

4-5 

20 

14 

Breadth  in  cm. 

6 

4 

8 

10 

4 

20 

.» 

Thickness  in  cm. 

4 

3 

6 

8 

4 

I 

a 

w 

('■) 

(y-) 

(-&} 

(0 

('«) 

Weight  in  gt. 

I3SI 

1910 

862 

1980 

1555 

720 

Length  in  cm. 

8.5 

,. 

7 

'S 

9 

.0 

Breadth  in  cm. 

8-5 

12 

7 

15 

8 

,0 

Thickness  in  cm. 

8-5 

6 

^ 

4 

3 

■ 

3.  By  the  use  of  a  suitable  graph,  show  that  the  average  number 
of  yards  per  lb.  of  bare  copper  wire  is  inversely  proportional  to  the 
square  of  the  diameter  : 


i  Diameter  in  inches     • 

o„8 

OKJ64 

&048 

o«36 

00^ 

Average  no.  of  yds.  per  lb. 

6.7 

269 

479 

84 

I40-S 

4.  The  table  below  gives  the  average  resistance  in  ohms  p)er 
1000  yds.  of  vertalin  wire,  and  also  the  average  number  of  yards 
per  lb.    Show  that  the  two  sets  of  numbers  are  proportional ; 
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Averse  number  ot  yds.  per  lb. 

30«S 

384 

4-8S 

«-37 

86s 

Approx.  resistance  in  ohms  per  looo  yds. 

39-65 

4E9 

621 

!o.9 

no, 

5.  The  following  table  gives  the  maximum  current  in  amperes 
which  can  be  obtained  from  accumulators  having  different  numbers 
of  plates,  also  the  capacity  in  ampere  hours. 

Show  that  the  maximum  discharge  and  the  capacity  are  pro- 
portional.    What  would  the  quantities  be  for  cells  of  9  plates  ? 


No.  of  plates  ■ 

3 

S 

r 

15 

21 

Max.  discharee 

'■3 

2-6 

40 

6-5 

90 

•3 

Ampire  hours        9 

18 

" 

45 

63 

90 

6.  The  following  table  gives  the  length  of  some  of  the  longest 
rivers  in  the  world,  together  with  the  areas  of  their  basins. 

Draw  graphs  connecting  the  areas  of  the  basins  with  (a)  the 
lengths  of  the  rivers,  {b)  the  square  of  the  length  of  the  rivers. 

Make  whatever  inference  you  can  from  your  graphs  : 


NanwofRivtr. 

I..nf!lhofRi.e.m 

Area  of  Baiin  in  Ihousandi 

Volga     ■ 

23 

579 

Danube 

18 

315 

Vang-tse  Kiang      . 

30 

700 

Yenisei  - 

?9S 

970 

Nile       - 

37 

1120 

Congo   - 

388 

I41S 

Amazon  (proper)    • 

35 

2833 

La  Plata 

24 

7.  The  electric  resistance  of  a  piece  of  wire  is  proportional  to  its 
length,  inversely  proportional  to  the  square  of  the  section,  and 
depiends  also  on  the  nature  of  the  substance  of  the  wire. 

Find  graphically  which  of  the  wires  below  are  made  of  the  same 
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material  by  plotting  the  resistance  against  the  product  of  the 
leogfth  and  the  inverse  square  of  the  diameter ; 


Resistance  in  ohms 

S70 

19-5    1     13" 

64.6 

1 140 

Length  in  yirdi     ■ 

1000 

Soo 

1000 

1000 

500 

Diameter  in  inches      0-0360 

0.20 

0-108 

0^.3 

o-oi8o 

if) 

ig) 

(*) 

(0 

(» 

Resistance  in  ohms 

79-5 

546 

4SO 

203 

943 

Length  in  yards      - 

500 

lOCO 

2500 

1000 

.000 

Diameter  in  inches 

0098 

0-006 

0064 

oo,.4 

0028 

8.   The  pressure  exerted  by  a  given  gas  is  proportional  to  its 
absolute  temperature  directly,  and  to  its  volume  inversely. 

Complete  the  following  table,  connecting  the  pressure,  volume 
and  temperature  of  a  certain  amount  of  gas  : 

M       (*)        W        (rf)       {"){/) 


Pressure         -        - 

.000 

? 

? 

900 

600 

? 

Volume         -        - 

so 

80 

90 

.00 

? 

~ 

Temperature  (abs.) 

300 

400 

500 

? 

700 

800 

9.   The  foUowing 
scientific  apparatus  : 

s  an  extract  from  the  catalogue  of  a  dcale 
EvAPORATisG  Basins. 

Diameter  - 

Capacity    - 
Price 

54         H         7i        8i        9i  inches, 
18        30        45         70        90  ounces, 
2/3        3/-        4/-        5/-       5/6  each. 

Show  graphically  Oiat  the  capacity  is  nearly  proportional  to  the 
cube  of  the  diameter,  but  that  the  price  is  not. 

What  is  (a)  the  capacity  of  an  8  in.  basin,  (d)  the  diameter  of  a 
basin  of  jo  oz.7 
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10,   The    following    are    particulars  respecting    some    small 
dynamos  : 

DinwnsoM  in  inctau.  Weighl  in  lb. 
(a)     4'<4j>'5  4 

{*)    8Jx5   x;  8 

(c)    9^X7  X7  19 

(d)  u    x8  X9  25 

(e)  12^x9   X9  40 

Show  that  in  four  of  these  the  weight  is  proportional  to  the 
product  of  the  dimensions. 


EXERCISES    T.TTYTT 


1.  The  cost  of  4  tons  16  cwt.  of  rails  is  ;^i8  :  what  will  have  to 
be  paid  for  a  truck  load  of  rails  weighing  12  tons  when  the  cost  per 
ton  of  the  first  to  that  of  the  second  is  as  3  : 4  ? 

2.  15  men  in  10  days  of  g  hours  dig  a  trench  30  yards  long, 
1-8  yards  wide  and  7-2  feet  deep.  In  how  many  days  of  8  hours 
each  would  24  men  dig  a  trench  40  yards  long,  1-5  yards  wide  and 
8  feet  deep .' 

3.  The  wages  of  17  men  for  12  days  are  ^56.  12s. :  what  should 
be  the  wages  of  24  men  doing  similar  work  for  9  days  .■' 

4.  The  provisions  in  a  besieged  town  of  4500  people  ase 
sufficient  to  last  54  days,  but  after  21  days  1000  more  people 
take  refuge  in  it.  How  long  will  the  provisions  now  last,  at  the 
same  rate  as  before  ? 

5.  In  supplying  coal  gas  from  a  gas  works,  the  number  of 
cub.  ft.  of  gas,  forced  per  hour  through  a  giveu  length  of  pip>e,  is 
proportional  to  the  square  root  of  the  pressure  of  the  gas. 

If  8873  cub.  ft.  of  gas  can  be  supplied  in  60  min.  by  a  pipe  5000 
yds.  long  and  9  in.  in  diameter,  when  the  pressure  is  estimated  as 
3-000  in.  by  a  water  gauge,  what  time  would  be  taken  in  delivering 
21,635  (^ub-  f^  when  the  pressure  is  2000  in.  by  Che  water  gauge  f 
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6.  In  what  tinie  will  323-2  gr.  of  silver  be  deposited  by  a 
current  of  33  ampferes,  if  1213-056  gr.  be  deposited  in  12  hrs.  by 
a  current  of  36  amperes  ? 

7.  Two  metal  plates  of  the  same  substance  are  weighed  and 
partly  measured,  with  the  following  results  : 

First  metal  plate,  18-03  '^'^-  'ongi  1506  cm.  broad,  thickness 
M2  cm.,  weight  3060  grams. 

Second  metal  plate,  9-24  cm.  long,  7-12  cm.  broad,  thickness 
not  observed,  weight  1530  grams. 

What  is  the  thickness  of  the  second  plate  ?  State  your  answer 
as  accurately  as  the  data  allow. 

8.  A  contractor  undertakes  to  complete  a  contract  in  42  weeks, 
by  employing  64  men.  At  ihe  end  of  28  weeks  he  finds  that  only 
one  half  of  the  work  is  done.  How  many  more  men  must  be  put 
on  so  as  just  to  complete  the  contract  in  the  specified  time  ? 

9.  If  2000  soldiers  have  provisions  for  95  days,  how  many  men 
must  be  sent  away  in  order  to  make  the  food  last  loo  days? 

10.  A  ship  with  a  crew  of  32  sailors  has  food  enough  for  84 
days,  but  at  the  end  of  42  days  16  sailors  are  picked  up:  how 
long  will  the  food  now  last,  supposing  the  rations  to  continue 
unchanged  ? 

11.  If  12  cub.  ft.  of  coal  gas  can  be  obtained  from  Cannet  coal 
for  every  10  cub.  ft.  contained  from  the  same  weight  of  Newcastle 
coal,  how  many  tons  of  Cannel  coal  will  be  required  to  produce 
1,050,000  cub-  ft.  of  coal  gas,  if  15  tons  of  Newcastle  coal  are 
required  to  produce  135,000  cub.  ft.  of  the  gas? 

12.  Since  the  earth  is  nearly  spherical,  the  top  of  the  mast  of  a 
ship  at  sea  can  be  seen  before  the  tower  part,  when  viewed  from 
a  point  on  the  sea  level.  The  distance  at  which  the  top  of  the 
mast  can  just  be  seen  is  proportional  to  the  square  root  of  the 
height  of  the  mast. 

If  a  mast  54  ft  high  can  be  seen  at  a  distance  of  9  miles,  find  (a) 
the  distance  at  which  a  mast  i6>67  ft.  high  can  be  seen  ;  (i)  the 
height  of  the  mast  of  a  ship  which  can  just  be  seen  at  a  distance  of 
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13.  When  1800  men  have  provisions  for  114  days,  they  are 
joined  by  400  men.     How  long  will  the  provisions  now  last? 

14.  Assuming  that  the  cost  of  carnage  is  proportional  to  the 
weight,  and  also  to  the  distance  carried  ; 

(a)  What  weight  could  be  carried  2  miles  7  fur.  at  the  same  cost 
as  3  cwt.  .1  qr.  37  lb.  could  be  carried  4S  miles  7  fur.? 

{d)  How  many  miles  could  11  tons  be  carried  for  ^5.  lor.  if 
3  tons  be  carried  54  miles  at  a  cost  of  ^2.  os.  6rf.? 

(1:)  If  the  carriage  of  3  cwt.  3  qr.  14  lb.  for  104^  miles  cost 
£i.  14s.  lorf.,  what  should  be  charged  for  the  carriage  of  5  tons 
for  a  distance  of  93  miles  ? 

15.  8  men  can  finish  a  piece  of  work  in  75  days  by  working 
10  hours  a  day.  How  many  more  men  must  be  put  on  in  order  to 
finish  the  work  in  40  days  without  increasing  the  number  of  hours  ? 

16.  If  a  lime  kiln  can  bum  on  an  average  2688  cub.  ft.  of  lime 
in  12  days,  find  the  least  number  of  kilns  to  be  employed  if  it  be 
required  to  burn  97343  cub.  ft  of  lime  in  not  more  than  7  days. 

17.  On  account  of  capillary  attraction,  the  rise  of  water  up  a 
glass  tube  of  narrow  bore  is  inversely  proportional  to  the  diameter 
of  the  bore.  The  rise  is  3-14  cm,  when  the  diameter  iso-osi3  cm.; 
what  is  (a)  the  rise  when  the  diameter  is  00373  cm,,  (#)  the 
diameter  if  the  rise  is  4-37  cm. 

18.  The  pressure  required  to  compress  a  given  quantity  of  air 
kept  at  constant  temperature  to  a  given  volume  varies  inversely  as 
the  volume.  If  it  requires  a  pressure  of  7864  grams  weight  per 
square  centimetre  when  the  volume  is  38'90  c.c,  find  (a)  the 
pressure  when  the  volume  is  35'89  cc,  (/•)  the  volume  when  the 
pressure  is  3  kilograms  per  square  centimetre. 

19.  If  4  lb.  of  bread  cost  5^11^  when  wheat  is  44J.  a  bushel, 
what  will  6  lb.  of  bread  cost  when  wheat  is  48^-.  a  quarter,  assuming 
the  other  factors  in  the  cost  to  vary  according  to  the  price  of 
the  wheat? 

20.  If  it  cost  as  much  to  feed  3  men  as  4  boys;  and  if  for  3  boys 
the  cost  is  19^.  2^.  a  week,  how  much  a  week  will  it  cost  for 
SI  men?       " 
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21. .  When  the  cost  of  food  for  84  men  for  95  days  amounts 
10^598-  loj.,  what  will  be  the  cost  of  feeding  110  men  for  33  days? 

2&  In  India,  where  artificial  irrigation  is  generally  required, 
a  field  of  rice  at  Mysore,  25'3  ac.  Id  extent,  requires  the  water 
from  a  source  supplying  120-6  cub.  ft.  per  sec. ;  at  another  field 
where  the  soil  is  different  35  cub.  ft.  are  required  for  every  .30  cub. 
ft.  at  Mysore.  What  flow  per  sec  will  be  required,  to  irrigate  the 
latter  field,  if  its  extent  be  36-3  ac.P  (State  answer  to  nearest 
tenth  of  a  cabtc  foot.) 

23.  The  preEsure  a  cylindrical  boiler  can  sustain  without 
bursting  is  directly  proportional  to  the  thickness  of  the  boiler 
plates  and  inversely  proportional  to  the  diameter  of  the  boiler. 
A  boiler  of  3-5  ft.  diameter,  with  plates,  of  j;  in.  thickness,  can 
withstand  a  pressure  of  573  lb.  to  the  sq.  inch  : 

(a)  What  is  the  diameter  of  a  cylindrical  boiler,  plates  |  in. 
thickness,  which  can  just  withstand  a  pressure  of  418  lb.  to  the 
so.  inch? 

(ff)  What  pressure  cana'boiler,  plates  fin.,  sustain  if  its  diameter 
is  2  ft.?    (State  the  answer  to  the  nearest  pound  per  sq,  in.) 

24.  A  ship's  crew  of  18  hands  had  food  enough  on  Jan!  1st,  1905^ 
to  last  48  days,  but  on  that  day  they  picked  up  6  shipwrecked 
sailors  ;  how  long  will  the  food  last  ? 

25.  When  wheat  is  15^.  a  bushel,  8  men  can  be' fed  for  12  days 
at  a  certain  cost :  for  how  many  days  can  6Ttien  be  fed  for  the 
same  cost  when  wheat  is  i2j.  a  bushel? 

26.  A  contractor  had  engaged  to  make  a  railway  58-5  miles  long 
in  40  weeks,  and  began  by  employing  a  160  men.  At  the  end  of 
13  weeks,  19-5  miles  were  completed.  How  many  men  can  be 
dismissed  if  he  only  just  wishes  to  complete  the  work  at  the  end 
of  the  40  weeks? 

27.  The  following  table  gives  the  velocity  acquired  by  a  body  in 
falling  frtim  rest  through  different  heights  : 


Fall 

■4. 

25 

iOC 

400 

Ivl 

Velocity 

8 

16 

40 

80 

,60 

ft.  per  second 
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What  is  the  connexion  between  the  fall  and  the  velocity  acquired  ? 
Find  also 

(a)  the  velocity  acquired  during  a  fall  of  375  h. ;. 

(6)  the  fall  necessary  ip  order  that  a  velocity  of  98  ft  per  second 
may  be  acquired. 

28.  The  speed,  or  velocity,  with  which  waves  move  on  the- 
surface  of  the  deep  sea  is  proportional  to  the  square  root  of  the. 
length  of  the  wave.  If  the  velocity  of  a  wave  50  ft.  in  Jength 
be  12-85  ft-  pet  sec,  what,  will  be  the  velocity  of  a  wave  120  ft. 
in  length?    (State  the  answer  true  to  o-oi  of  a  ft.  per  sec.) 

29.  With  the  assumption  made  as  in  Ex.  6,  find  the  time  in  wLich 
a  current  of  16-2,2  amperes  would  deposit  I0'83  grams  of  silver. 

'30.    If  a  rod  of  larch  can  support  a  load  of  lo-2  X  10"  lb.  weight 
per  sq.  in.,  what  can  it  support  in  kilog.  per  sq.  cm.? 

31.  The  corrosion  of  iron  and  steel  on  account  of  'rusting'  is. 
proportional  to  the  surface.  When  cast  iron  is  placed  in  clear  sea 
water  the  amount  of  corrosion  is  0'0635  lb.  per  year  for  every 
square  foot  of  iron  exposed,  but  in  fresh  water  the  amount  is. 
0-0113  ll*'  P^""  year  for  every  square  foot  I  find  the  amount  of 
corrosion  taking  place  in  4  years  in  a  pipe,  12-62  cm,  radius,  lying 
in  sea  water,  if  a  pipe  of  the  same  length,  but  10  cm.  diameter, 
lying  In  fresh  water  corrodes  to  the  extent  of  303  kilograms  in 

32.  Compare  the  thickness  of  slate,  known  as  doubles,  size 
13  in.  x6  in.,  and  iooo  of  which  weigh  15  cwt.,  with  that  of  slate 
known  as  Countesses,  size  20  in.  x  10  in.,  200  of  which  weigh  8  cwt. 

33.  In  a  non- manufacturing  town  the  consumption  of  water 
is  17-5. gallons  of  water  per  person  per  day  ;  the  reservoir  contains 
20O  days'  supply,  and  receives  the  water  from  an  area  of  10,000 
acres.  What  would  be  the  number  of  days  which  a  reservoir 
tvould  supply  a  manu&cturing  town  of  the  same  population,  but 
in  which  each  person  consumed  2+  gallons  daily,  and  in  which 
the  reservoir  received  the  water  from  an  area  of  18,000  acres.' 
(Assume'  the  same  conditions  in  both  towns  with  respect  to  rain- 
fall, evaporation,  aod  so  on.) 
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3L  If  I2'3  sq.  yd.  of  a  line  sand  filter  can  filter  looo  gallons 
of  water  in  24  hours,  how  many  sq.  yd.  of  a  similar  filter  would 
be  necessary  to  filter  13,500  gallons  of  water  in  15  hours  ? 

35.  Two  pieces  of  copper  wire  are  ol  the  sanne  length  1  one 
weighs  0'632  gram  and  its  section  is  t-i3  mm.  in  diameter  ;  the 
second  weighs  0-835  gram:  what  is  its  diameter f  (Stale  your 
answer  as  accurately  as  the  data  permit.) 

36.  The  following  table  gives  the  total  load  that  a  horse,  moving 
at  dilTerent  speeds,  can  draw  in  a  canal  boat,  along  a  canal : 


Load 

s» 

243 

153 

.» 

s* 

30 

>9 

13 

9 

a.,™ 

Speed 

.s 

3 

ss 

. 

5 

6 

7 

8 

9 

lomls.  per  hour 

Show  that  the  load  is  neither  inversely  proportional  to  the  speed 
nor  inversely  proportional  to  the  square  of  the  spwed. 

37.  The  length  ot  1°  on  the  meridian  is  6870  miles  near  latitudtt 
0°  and  59-23  mis.  near  latitude  60°.  If  a  certain  length,  measured 
along  the  meridian  near  latitude  60°,  be  0-08764  of  a  degree,  what 
fraction  of  a  degree  would  the  same  length  be  near  the  equator  7 

38.  A  commences  business  with  a  capital  of  /1875  :  at  the  end 
of  5  months  B  joins  him  with  a  capital  of  ^1500,  and  at  the  end  of 
4  months  more  C  enters  with  ^£1400.  The  profit  at  the  year's  end 
was  j£i  1 16 :  how  should  this  be  divided  between  A,  B  and  C  ? 

39.  Four  people  enter  into  a  business,  A  with  a  capital  of  ;C868, 
B  with  £$7A,  0  with  ^794  and  D  with  ^764.  A  is  to  receive  a 
fixed  salary  of  ^t3o  from  the  profits,  and  the  remainder  is  to  be 
divided  among  the  four  in  the  proportion  of  their  subscribed 
capital.  What  amount  does  each  receive  from  a  profit  of  ^270 
on  the  year's  working  ? 

40.  Two  persons  rent  a  grazing  marsh  for  £io.  12s.  a  year.  One 
puts  in  420  sheep,  but  at  the  end  of  7  months  puts  tn  96  more  for 
the  remaining  months  of  the  year ;  the  second  puts  in  760  sheep 
for  6  months,  and  then  withdraws  320  for  the  rest  of  the  year. 
How  should  the  rent  be  apportioned  ? 
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41.  Two  workmen  are  engaged  on  a  piece  of  work  for  which 
they  are  to  receive  2  guineas.  One  workman  works  for  3  days 
of  9  hours  a  day,  and  the  other  3  days  of  8  hours  a  day  ;  but  the 
second  does  as  much  in  z  hours  as  the  first  does  in  3  hours.  How 
should  the  amount  be  divided  between  the  two  workmen? 


42.  The  boarding  expenses  of  a  party  of  14  persons  for  3  weeks 
were  ^63.  What  would  be  the  expenses  of  a  party  of  8  persons 
for  s  weeks  ? 

43.  The  time  taken  in  emptying  a  canal  lock  by  a  sluice  is 
proportional  to  the  square  root  of  the  head  of  water,  and  inversely 
proportional  to  the  area  of  the  sluice.  If,  in  a  certain  lock,  the 
time  taken  is  2  min.  20  sec,  with  a  certain  sluice  and  a  head  of 
15  ft.,  find  the  time  taken  in  a  similar  lock,  with  a  sluice  the  area 
of  which  is  half  as  much  again,  but  in  which  the  head  is  only  14  ft. 
(State  the  time  to  the  nearest  second.) 

44.  Two  reels  of  copper  wire  are  weighed :  the  first  weighs 
i'309  lb.  including  the  reel,  the  wire  is  No.  13  wire  gauge  (diameter 
0092  in.) ;  the  second  weighs  6'66  lb.  and  wire  is  No.  30  (diameter 
0-0124  ">■}■  If  the  length  of  wire  on  the  first  is  known  to  be 
46-53  ft.,  what  is  the  length  of  wire  on  the  second,  the  reels  in 
each  case  weigh  0-13  lb.? 

45.  If  a  lath  be  supported  at  its  ends,  and  loaded  at  the 
centre,  it  bends,  and  its  centre  is  lowered  by  an  amount  pro- 
portional to  the  load,  inversely  proportional  to  the  cube  of  the 
thickness,  inversely  proportional  to  the  breadth,  and  directly 
proportional  to  the  cube  of  the  length  of  the  lath. 

If  a  load  of  2033  grams  produce  a  lowering  of  5-21  mm.  at  the 
centre  of  a  lath  100  cm.  long  and  0-420  cm.  thick,  find  (a)  the 
lowering  at  the  centre  when  a  lath  of  the  same  wood  and  breadth 
is  used,  but  the  length  of  which  is  122-0  cm.  and  the  thickness 
0-260  cm.,  the  load  being  1600  grams ;  (6)  the  load  necessary  to 
produce  a  deflexion  of  1-20  cm.  in  a  lath  similar  to  that  used  in  (a), 
but  96-0  cm.  in  length  instead  of  122-0  cm.  State  your  answer 
true  to  the  accuracy  possible  from  the  given  data. 
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46.  The  strength  of  a.  beam  or  girder  is  inversely  proportional 

to  its  length,  directly  proportional  to  its  width,  and  direcdy  pro- 
portional to  the  square  of  its  depth- 

A  wooden  beam,  of  rectangular  cross- section,  is  4  ft.  long,  z  in. 
wide,  3  in.  deep,  and  it  rests  upon  supports  at  its  ends.  The  breaking 
load  is  2000  lb.  placed  at  its  centre.  What  would  be  the  breaking 
load  of  the  same  beam  {a)  when  the  supptorts  are  brought  2  in.  each 
from  the  ends  and  {b)  when  the  beam  is  placed  so  as  to  be  3  in.  in 
width  and  2  in.  deep? 

47.  A  standard  beam  of  wood,  i  in.  wide,  i  in.  deep  and  i3  in. 
long,  can  safely  carry  420  lb.  at  its  centre.  What  must  be  the 
depth  of  a  beam  of  the  same  wood,  2^  in.  wide  and  5  ft  long,  to 
carry  safely  a  load  of  1-5  ton  ?    (See  Ex,  46.) 

48.  If  wind  blowing  at  15  mis.  per  hour  exerts  a  force  equal  to 
the  weight  of  270  lb.  on  a  wall  40  ft,  long  and  12  ft,  high,  find  the 
velocity  of  the  wind  if  the  force  exerted  on  a  wall  54  fi.  long  and 
16  ft.  high  be  1728  lb.,  assuming  that  the  force  exerted  is  pro- 
portional to  the  square  of  the  velocity. 

49.  When  waves  travel  on  the  free  surface  of  shallow  water 
(the  length  of  the  wave  being  much  greater  than  the  depth  of  the 
water)  the  velocity  of  the  wave  is  proportional  to  the  square  root 
of  the  depth.  If  a  long  wave  take  4-5  sec,  in  describing  a  distance 
of  36  ft.  when  the  depth  is  2  ft, : 

(n)  How  long  will  a  wave  take  in  describing  a  distance  of 
135  ft.  when  the  depth  is  5-12  ft.?  (State  the  answer  true  to  2 
significant  figures.) 

{b)  What  would  be  the  depth  if  the  wave  moved  with  a  velocity 
4-62  metres  per  sec? 


68.    AREAS  OF  RECTII.INEAR  FIGURES. 
Example  \.^To  find  the  area  of  a  trapesaum  ABCD. 
Suppose  in.Fig.  65  AB  and  DC  are  at  right  angles  to  AD,  and 
that  the  lengths  of  AB,  DC,  and  AD  are  knowii. 
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Draft  BB',  CG  both  parallel  to  AD  meeting  DC.  produced  and 
AB  at  B'  and  C  respectively. 

Then  AOB'B  is  as  much  greater  than 
ABCO  as  ABCD  is  greater  than  ADCC;  and 
therefore 
the  area  ABCD  is  half  the  sum  of  the  areas 

of  ACCDand  ABB'D; 


.',  area  ABCD  = xAD.     . 

If  AB,=j'i.  OC=_)'j,  and.  if  A  is  at  a 
distance  x^  from  a  certain  poiiil  O  along 
DA,  while  D  is  at  a  distance  x^ ;  then 

.     the  area  ABCD --■^i^tZ^la;,- 


B  \ ;B 

C  "—Ac 

O  A  D 


Example  2. — To  find  the  area  of  a  small  rectilinear  plot 
from  field-book  readings  taken  with  reference  to  a  single .  base 
line. 

Suppose  ABCDE  (Fig,  66)  represents  the  plot,  Oahecd  the 
base  line,  and  that 

Case  I.— All  the  points 
AS...  are  on  the  same  side 
of  the  base  line.  3 

Let  the  field-book  entry 
be  as  follows : 

r,  I    ,. 


Alter  the  order  of  the  readings  to  correspond  to  the  case 
where  the  order  is  that  in  which  the  corners  would  be  met  by 
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a  man  going  right  round  the  field ;  and,  say,  starting  at  A,  the 
entries  would  now  be 


in  which  the  order  is 
ABCDEA. 


The  area  of  ABODE 

=area  of  <iABCDi/-area  of  dDEAa 

+  (*5-*i,)0'.+:v«)  +  (j;^-*,)0'^+^,)| (i) 

Case  U.—TAe  points  observed  are  on  different  sides  of  the 
base  line. 

Suppose  in  the  preceding 
case  that  the  field-book 
entry  had  been  with  refer- 
ence to  a  line  like  O'db'^^d 
(Fig.  67),  parallel  to  Oabecd, 
and  at  a  distance  r  from  it, 
then,  if  the  new  field-book 
readings  are 


Vr 

Xo 

Xt 

y« 

Xa 

0 

d  a'  /  b'     e-  &  \d 

E 
ri  a       %       f  c      c 


it  can  be  easily  seen  that  jB  =  ''-i-ya, 
yc=r'ry'o, 

but  that  yA'^r  -y' a  . 

yn  =  r-y'j„ 

y.=r-y,. 
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3fil 


If  these  values  be  substituted  in  formula  (i),  it  wilt  be 
noticed  that  the  terms  in  r  all  cancel,  and  therefore  that  the 
expression  is  just  of  the  same  form  as  in  (i),  only  the  distances 
from  the  base  line  are  counted  as  negative  if  the  points  are  to 
the  right  of  the  base  line,  and  positive  if  to  the  left  of  the 
base  line. 

Example  3, — Find  the  area  of  a  plot  from  the  following  field- 


Hex^  the  right  order  is  clearly  obtained  by  first  taking  the 
points  on  the  left  going  up  the  base  line,  and  then  the  points 
on  the  right  coming  l^ck  along  the  base  line;  and  the  area 
expressed  in  sq.  links 

=  \  {(zoo  -  izo)(6o  +  3o)  +  (2So  -  20o)(ioo  +  60) 

+  {300  -  25o)(  -  20  +  100)  +  (150 -  300) ( -  80  -  20) 
+  (r2o-i5o)(30-8o)} 
=  J  {80  X  90  +  so  X  160  +  50  X  80+150  X  100  +  30  X  50} 
=  §{7200  +  8000  +  4000+  15000+1500} 
-j(357oo}. 
The  area  is  therefore  0-1785  acre. 
The  expression 

H(^B  -  ^1)  Cra  +^1)  +  (*s  -  ^a)  (Jz  +>■!!) 

+  K  -  ^s)  O'* +.>'»)  +  ■■■  (*i  -  *n)  (Ji  +  a)} 
may  be  written  also  in  a  form  which  is  sometimes  more  con- 
venient for  calculation.     Thus : 
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in  this  case  the  expression  can  be  set  dovm.  thus. 


zy^ 


and  the  several  components 
cross  multiplication. 


Example  4. — Find  the  area<^  Mg.  68  from  the  data  given: 

Qa  =  \o,  a/^=io;   Oj*=r4,  i5B=ao;   Oi-=3o,  cC=zo; 

Od=2Z,  dO=io;  Oi?==oi  eE  *- 5  units  of  lei^h. 


10 

■0 

•4 

.0 

--J 

30 
23 

10 

20 

S 

10 

,0 

.    (lOX  20-  I0!<T4)=     60 

-160 


the  cross  muUi  plica t1( 
products  are  shown. . 
to  the  right. 


:..'■    85 
...     ISO 

,  area=J{-6o  +  32o  +  i6o  +  8s.-riso,H3|| 
177-5  tiiits  of  ar-ea:  ,.  )-\- 
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AREAS  OF   RECTILINEAR   FIGURES 
Using  the  other  form  for  the  expression  for  the  area, 

area=  i {(14 -  io)(2o+  lo)  +  (30 -  i4){2o  +  so) 
+  {^3  -  3o)(«o  +  20)  +  (ao  -  23)(5  + 10 
+  (>o-2o)(.o  +  5)} 

=  ^{120  +  640-210-45-  150) 

-H3S5) 

=  177-5  ""'ts  of  area. 


BZEBCISES  T.XXXTT. 

Find  the  areas  of  the  plots  given  by  the  following  field-book 
readings  (expressed  in  links) ; 


1.    100  I  500  I 
80     400 


Soo  100 

80 

400 

60 

200 

1900  20 

1600  10 

30 

1200 
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9.  Find  the  areas  of  the  Figs.  69,  (a)  to  (/),  by  choosing  base 
lines  and  marking  off  readings.  Check  your  resuhs  by  (i)  varying 
the  base  line,  (ii)  by  the  use  of  squared  paper,* 


When  the  areas  are  not  bounded  by  strictly  rectilineal  figures, 
the  method  can  only  give  approximate  results. 

10.  Find  readings  after  the  manner  of  field-book  readings  for 
ihe  more  salient  points  of  Figs.  70,  (a)  to  (r) ;  calculate  the  areas 
from  the  readings  and  check  by  the  use  of  squared  paper. 


11.  At  equal  distances  apart*  draw  a  number  (seven  at  least)  of 
parallel  ordinates  across  Fig.  71  (a),  join  the  ends  of  the  ordinates, 
calculate  the  area  of  the  rectilineal  figure  so  formed,  note  that 
this  area  must  be  nearly  equal  to  that  of  the  given  figure  and 
hence  get  an  approximation  to  the  area  of  the  figure. 
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EXERCISES 


12.  Obtain  an  approximation  t 
method  suggested  in  Ex.  11. 

13.  Find  the  area  of 
the  triangle,  of  which  the 
angular  points  are  (o,  o), 
(^r'fc  ya),  (*,  o).  Prove 
from  your  result  that  the 
ATM  la  om  limlf  tha  pro- 
duct of  ttie  laM  into  Uia 
altitada. 


aof  Fig.  71  (*)  after  the 


UISOELLANEOUS  FBOBLEIIS  LZZXni. 

.  1,  The  minute-hand  of  a  clock  passes  over  6o  divisions  on  the 
face  of  the  clock  for  every  5  divisions  that  the  hour-hand  passes 
over,  i.e.  gains  55  divisions  in  one  hour.  The  hands  are  together 
at  12  o'clock  :  find  when  next  the  minute-hand  will  be  15  divisions 
ahead  of  the  hour-hand,  i.e.  when  the  minute-hand  has  gained 
15  divisions. 

2.  Find  when  the  hands  of  a  clock  are  pointing  in  the  same 
direction  between  (a)  $  o'clock  and  6  o'clock  (j.A  has  gained  3$ 
divisions  since  5  o'clockX  (*)  3  o'clock  and  4  o'clock,  (c)  10  o'clock 
and  II  o'clock. 

3.  Find  when  the  hands  of  a  clock  point  in  opposite  directions 
between  the  hours  of  (a)  2  and  3,  (6)  4  and  5,  (c)  9  and  10. 

4.  If  a  train,  80  yd.  in  length,  and  traveUing  at  the  rate  of 
60  miles  an  hour,  overtakes  another  train,  70  yd.  in  length,  moving 
at  3;  miles  an  hour,  it  must  do  so  at  the  rate  of  2$  miles  an  hour- 
Find  how  long  such  a  train  would  take  in  passing  the  second 
completely,  i.e.  in  gaining  (80+70)  yards  on  the  second. 

6.  A  train,  86  metres  long,  and  moving  at  40  kilometres  an 
hour,  overtakes  another  train,  78  metres  in  length,  moving  at  ?6 
kilometres  an  hour  :  how  long  does  it  take  completely  to  pass  it  f 
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6.  If  the  trains  in  Question  5  bad  been  moving  in  opposite 
directions,  what  time  would  have  been  taken  in  passing  one  another? 

7.  If  [he  wasie-pipe  can  empty  a  bath  in  5  min.,  and  the  hot- 
water  pipe  can  fill  it  in  15  min,,  and  ihe  cold-water  pipe  in  10  niin., 
calculate  how  much  water  enters  or  leaves  the  bath  in  i  min.  when 

(a)  The  hot-water  pipe  alone  is  open. 

(i)  The  hot  and  cold-water  pipes  are  open. 

{c)  The  three  pipes  are  open. 
Find  also  ((/)  the  time  taken  in  emptying  the  bath  if  all  the  pipes 
are  open, 

8.  Two  pipes  are  such  that  a  cistern  fed  by  them  could  be  filled 
by  each  separately  in  7  min.  and  1 1  min.  respectively :  in  what  time 
would  the  cistern  be  filled  by  the  two  taps  together  ? 

9.  A  can  give  B  40  yd.  start  in  a  quarter-mile  race  ;  B  can  give 
C  40  yd.  start  in  a  similar  race.  If  A  can  run  the  quarter-mile  in 
58  sec,  how  long  would  C  take  to  run  it,  assiuning  B  and  C  to 
run  the  full  quarter  at  the  same  rate  as  they  ran  (he  portions 
mentioned  ? 

10.  A  can  just  give  B  10  yd.  start  in  a  100  yd.  race  j  B  can  just 
give  C  15  yd.  start :  what  is  the  utmost  start  A  can  give  C? 

11.  One  person  starts  from  a  town  A  to  meet  another  person 
coming  from  a  town  B  12  miles  off.  If  the  first  person  walks 
at  3  miles  an  hour,  the  second  at  4  miles  an  hour,  and  if  they  start 
at  the  same  lime  (5  p.m.),  at  what  rate  do  they  approach  one 
another,  and  when  and  where  will  they  meet? 

12.  The  period  of  revolution  of  the  earth  round  the  sun  is  365 
days,  that  of  Mars  (in  the  same  direction)  is  687  days.  Show  that, 
if  the  motion  was  uniform,  the  apparent  year  of  Mars  with  regard 
to  the  earth  would  he  770  days  (i.e.  show  that  this  would  be  the 
time  in  which  the  earth  would  gain  one  revolution  with  respect  to 
Mars,  so  that  the  two  planets  would  again  be  in  the  same  straight 
line  with  the  sun). 

13.  The  apparent  year  of  Venus  as  seen  from  the  earth  is  5S4 
days  :  show  that  the  actual  year  (on  the  same  supposition  as  in  the 
preceding  question)  is  about  225  days. 


;dbv  Google 


MISCELLANEOUS   PROBLEMS  367 

U.   Find  also  the  appareni  year  of  Venus,  if  observed  from  Mars. 

15.  A.  person  mixes  or  blends  two  kinds  of  tea ;  one  kind  is  worth 
IS.  ^rf.  per  lb.,  the  other  worth  2S.  per  lb. ;  the  mixture  is  worth 
ts.  jd.  per  lb. ;  so  that  for  every  lb.  of  tea  of  the  first  kind  there  is  » 
gain  of  yi.,  but  for  every  lb.  of  the  second  kind  there  is  a  loss  of  jrf. 
Show  that  5  lb.  of  the  first  kind  must  be  mixed  with  every  3  lb. 
of  the  second  kind.  I'  ind  the  amount  of  tea  of  the  second  kind  to  be 
mixed  with  1  ton  5  cwt.  of  the  first  kind,  and  what  gain  per  cent. 
on  the  cost  price  would  result  if  the  biend  be  sold  at  £1.  10s.  pier 
quarter. 

16.  How  would  you  blend  two  teas  worth  respectively  is,  jjrf. 
and  2s.  \d.  per  lb.  so  that  the  mixture  is  worth  i.c  ^\d.  per  Ib.7 

17.  In  what  proportion  must  a  merchant  mix  one  kind  of  tea  at 
y.  with  another  at  \s.  (yd.  in  order  that  by  selling  the  mixture 
at  2s.%d.  he  may  make  a  profit  of  25  per  cent.? 

18.  A  train  leaves  London  for  Brighton  at  9  a.m.,  travelling' at  a 
uniform  rate  of  15  miles  an  hour.  An  express  train  leaves  Brighton 
for  London  at  10  a.m.  and  travels  at  a  rate  of  40  miles  an  hour. 
How  far  apart  are  the  trains  when  the  train  for  London  starts,  at 
what  rate  do  they  approach  each  other,  at  what  time  will  tHey  pass 
each  other  and  at  what  distance  from  London,  the  distance  from 
London  to  Brighton  being  50  miles? 

19.  A  hare  sees  a  hound  176  yards  away  from  her,  and  scuds  off 
in  the  opposite  direction  at  a  speed  of  \2  miles  an  hour;  thirty 
seconds  later  the  hound  perceives  her  and  gives  chase  at  a  speed 
of  18  miles  an  hour.  How  soon  will  he  overtake  the  hare,  and  at 
what  distance  from  the  spot  whence  the  hare  took  flight  ? 

20.  A  starts  from  London  for  Epsom,  distant  14  miles,  walking 
at -the  rate  of  3  miles  an  hour.  B  starts  from  London  on  the  same 
road  i|  hours  later,  driving  8  miles  an  hour.  At  what  distance 
frorti  Epsom  will  B  overtake  A? 

21.  The  first  of  a  series  of  cogged  wheels,  working  into  each 
other  in  a  straight  line,  has  a  certain  number  of  teeth  ;  the  Cumber 
of  teeth  in  the  second  is  to  that  of  the  first  as  6  :  7  ;  of  the  third  to 
the  second  as  5:6;  and  of  the  fourth  to  the  second  sa  1:  ^:    If 


;dbv  Google 


368  A  MODERN   ARITHMETIC 

the  wheels  are  set  in  motion,  how  many  revolutions  must  each  wbed 
make  before  they  are  simultaneously  in  their  original  positions? 

22.  By  selling  goods  for  a  certain  sum  a  man  gains  $  P^e  cent, 
on  the  cost  price.  If  he  had  sold  them  for  y.  more  he  would  have 
gained  6  per  cent.     Find  their  cost  price. 

23.  A  cistern  which  can  be  filled  by  one  tap  in  28  hours  is 
emptied  by  four  others.  The  first  of  these  alone  would  empty  it  in 
10  hours,  the  second  in  12  hours,  the  third  in  15  hours  and  the 
fourth  in  31  hours.  Supposing  the  cistern  to  be  full,  in  what  time 
would  it  be  emptied  if  all  the  five  taps  were  set  running  together  ? 

24.  There  is  a  well  containing  750  gal.  of  uater ;  two  pumps 
raising  20  and  30  gai.  per  minute  respectively  are  employed  to 
empty  it,  while  it  is  constantly  supplied  by  a  spring  which  can 
refill  it  in  half  an  hour.  The  two  pumps  work  together  for  15 
minutes,  when  that  of  latter  capacity  ceases  work  for  10  minutes  ; 
the  two  pumps  then  work  together  until  the  well  is  empty.  How 
long  will  each  pump  have  been  emplo)-ed? 

25.  Two  boats  start  for  a  race  at  3  o'clock.  The  race  is  over  at 
6J  minutes  after  3,  the  losing  boat  being  40  yards  behind  at  the 
finish :  at  4  minutes  past  3  this  boat  was  700  yards  from  the  winning 
post.  Find  the  length  of  the  course,  and  the  speed  (supposed 
uniform)  of  each  boat  in  miles  per  hour. 

26.  A  tricycle,  going  at  the  rate  of  5  miles  an  hour,  passes  a 
milestone,  and  14  minutes  afterwards  a  bicycle,  going  in  the  same 
direction  at  the  rate  of  12  miles  an  hour,  passes  the  same  milestone: 
find  when  and  where  the  bicycle  will  overtake  the  tricycle. 

27.  Two  clocks  are  together  at  12  o'clock;  one  loses  7  sec. 
and  the  other  gains  8  sec.  in  12  hours:  when  will  the  faster  be 
balf-an-hour  before  the  other,  and  what  o'clock  will  it  then  show  ? 

28.  Two  watches  are  together  at  12  o'clock  noon.  One  gains 
75  sec.  per  hour  and  the  other  loses  45  sec.  When  will  they  be 
together  again  at  12  noon  ? 

29.  If  A,  B  and  C  could  reap  a  field  in  iSdays  ;  B,  Cend  D  in 
20  days  ;  C,  O  and  A  in  34  days  ;  and  D,  A  and  B  in  27  ds^s :  in 
-nhat.time.ti'ouldit-be  reaped  by  them  altc^ether? 
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30>  If  4  men  can  do  a  piece  of  work  in  7  days,  which  5  women 
can  do  in  8  days,  or  7  boys  can  do  in  10  days :  how  long  will  it  take 

3  men,  2  women  and  3  boys  to  do  the  same  if  they  work  together  ? 

31.  A  can  do  a.  piece  of  work  in  11  days,  B  in  20  days  and  C  in 
5S  days  :  how  soon  can  the  work  be  done  if  A  is  assisted  by  B  and 
C  on  alternate  days  ? 

32.  If  6  women  and  3  t>oys  weed  ■^  of  a  field  in  4  days,  how  long 
will  it  take  4  women  and  i  boy  to  weed  the  rest  of  it,  the  work  of 

4  women  being  equal  to  that  of  ;  boys? 

33.  A  certain  field  could  be  reaped  by  7  men  in  a  certain  time, 
and  5  boys  could  do  as  much  as  2  men.  Find  how  many  boys 
would  be  required,  in  addition  to  30  men,  for  the  reaping  of  a  field 
of  twice  the  size,  in  a  third  part  of  the  time. 

31.  An  astronomical  clock  has  its  dial  divided  into  34  divisions 
instead  of  12,  and  the  small  hand  goes  round  once  in  24  hours,  the 
lar^e  band  going  round  once  every  hour.  The  24tb  hour  is  noon. 
Find  when  the  hands  are  at  right  angles  to  one  another  between 
24  and  I,  and  find  also  the  interval  between  two  successive  meetings 
of  the  hands. 

35.  Strong  spirit  is  mixed  with  inferior  spirit,  valued  at  5*.  per 
gallon,  in  the  proportion  of  6  to  i.  The  mixture  is  then  worth  9J-. 
the  gallon.    Find  the  value  of  a  gallon  of  the  strong  spirit. 

36.  A  certain  turnip-field  can  be  hoed  by  10  women  in  4  days, 
or  by  6  boys  in  10  days,  or  by  2  men  in  12  days.  One  man,  three 
boys  and  three  women  are  employed :  what  is  the  total  cost  of 
hoeing  the  field,  a  man's  daily  pay  being  2^-.  St/.,  a  woman's  is.  Sti., 
and  that  of  a  boy  is.i 

37.  A  milkman  pays  is.  id.  per  gallon  for  his  milk;  he  adds' 
water  and  sells  the  mixture  at  2d.  per  pint,  thereby  making  alto- 
gether 40  per  cent,  profit.  Calculate  the  proportion  of  water  to 
milk  his  c 


38.  A  certain  piece  of  work  was  done  by  A,  B  and  C,  all  working 
together,  with  the  exception  that  B  left  off  half  an  hour  before  the 
completion  of  the  work.    A  alone  could  have  done  the  whole  in 
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7^  hours,  8  in  8^  hours,  C  in  lo  hours.     In  what  time  ^as  the 

work  done  ? 

39.  I  row  against  a  stream  flowing  i(  miles  an  hour  to  a  certain 
point,  and  then  turn  back,  stopping  two  miles  short  of  the  place 
whence  I  originally  started.  If  the  whole  time  occupied  in  rowing 
be  2  hr.  lo  min.,  and  my  uniform  speed  in  still  water  be  4^  miles 
an  hour,  tind  how  far  upstream  I  wenL 

40.  A  and  B  start  from  the  same  point  to  run  in  opposite  direc- 
tions round  a  circular  race-course,  9755  feet  in  circumference,  A  not 
starting  until  B  has  run  105  feet.  They  pass  each  other  when  A 
has  run  4850  feet  Which  will  first  come  round  again  to  the 
starting  point  (their  speeds  being  uniform  throughout)  and  what 
distance  will  they  then  be  apart  ? 

41.  A  and  B  start  at  the  same  time  from  London  to  Blisworth, 
A  walking  4  miles  an  hour,  B  riding  9  miles  an  hour.  8  reaches 
Blisworth  in  4  hoars,  and  immediately  rides  back  to  London. 
After  3  hours'  rest  he  starts  again  for  Blisworth  at  Ihe  same  rate. 
How  far  from  London  will  he  overtake  A,  who  has  in  the  meantime 
rested  for  6  houis  ? 

42.  With  what  two  quantities  of  spirits,  that  cost  me  14;.  dd.  and 
lys.  6ii.  a  gallon  respectively,  did  I  make  a  blend  of  12  gallons,  if 
by  selling  the  mixture  at  idj.  3rf.  a  gallon  I  should  have  incurred  a 
loss  of  2 J  per  cent.? 

43.  A  man  rode  a  bicycle  from  A  to  B,  54  miles,  at  an  average 
rate  of  8  miles  an  hour  ;  another  man  started  from  A  on  horseback 
half  an  hour  after  the  bicyclist  and  arrived  at  B  1 5  minutes  before 
him-     Find  the  ratio  of  their  speeds. 


REVISION    EXEBCISES    LXZZIV. 

UlflcellaneouB.     (Ualulf  trojn  examliuitioii  pftpors.) 
A 1.   Divide  ^72a  i  is.  yi.  by  ^2.  4J.  %%d. 

2.  A  man  bought  10  tons  3  cwt.  of  sugar  at  £,1%  a  ton  and  sold 
it  at  3|<i^  a  pound.    What  profit  did  he  make.^ 
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3.  (a)  Express  each  of  the  following  numbers  as  tbe  product  of 
prime  foctors :        468,  561,  1547  and  3431- 

(6)  Find  the  least  square  number  which  is  divisible  by  7,  8 

4    Simplily  -|}±l+,j„f2,V 

5.  (a)  Multiply  i'i83  by  2-145  ^"<^  divide  the  result  by  0'0845, 
{6)  How  much  butter  at  z  francs  25  centimes  a  kilogram 

would  cost  9  francs  90  centimes? 

6.  A  rectangular  plot  of  building  land  with  a  frontage  of 
34  feet  and  a  depth  of  125  feet  was  let  on  a  building  lease  at  the 
rate  of  ^60  per  acre.     Find  the  rent  of  the  plot  to  the  nearest 

7.  Find  to  three  places  of  decimals  the  square  root  of  I3i4'i5i. 
Find  a  whole  number  between  1000  and  zooo  which  is  a  perfect 

square  and  which  is  divisible  by  13. 

8.  The  rateable  value  of  a  certain  town  is  £74360.  Find 
(to  a  farthing)  the  smallest  rate  per  pound  which  must  be  levied  in 
order  to  raise  a  sum  of  not  less  than  .£3115. 

fl.    Find  as  accurately  as  the  data  allow,  the  weight  of  a  cubical 

block  of  metal,  the  edge  of  which  is  3  yards,  2  feet,  3-1  inches  long 

(true  to  the  nearest  hundredth  of  an  inch),  while  a  cubic  foot  of  the 

metal  weighs  8-8764  cwt.  (true  to  ihe  fourth  decimal  figure). 

In  your  answer  show  up  all  the  figures  which  are  accurate  but 

10.   The  price  of  a  standard  troy  ounce  of  silver  on  ist  January 
in  each  of  the  ten  years  (1891-1900)  was  (in  pence) 
45.  40,  36,  29.  30.  31.  2B,  27,  27,  28. 

Draw  a  curve  showing  its  value  approximately  at  any  time  during 
these  ten  years.  

Bl.    Find  the  value  of  003125  of  .£3-  4^- 

2.  Extract  the  square  root  of  7  to  3  decimal  places. 

3.  If  the  cost  of  keeping  35  horses  for  64  days  is  £g6,  what 
will  be  the  cost  of  keeping  75  horses  for  28  days  at  the  same  ratel 
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1.  The  rainfall  on  a  flat  roof  20  ft.  long  and  la  feet  wide  is 
collected  in  a  covered  rectangular  cistern  5  ft.  long,  4  ft.  wide  and 
3  ft.  deep;  what  depth  of  water  will  be  found  in  the  cistern  after 
a  fall  of  2  inches  of  rain  ? 

6.  If  numbers  are  formed  by  arranging  all  the  digits  2,  3, 4,  5, 6 
in  any  order,  show  that  each  of  these  numbers  when  divided  by  9 
will  have  a  remainder  2. 

6.  A  tradesman  bought  j  cwt  of  tea  ibr  £37.  6s.  Sd.,  at  what 
price  per  lb.  should  he  retail  it  in  order  to  make  a  profit  of 
25  per  cent.  ? 

7.  What  rate  of  interest  do  I  receive  if  I  get  £S2.  10s.  by 
lending  ^500  for  5J  years,  simple  interest? 

8.  Express  in  decagrams  the  weight  of  447  litres  at  19  grains 
per  cubic  centimetre,  taking  i  graiii  =  I5  grains,  (i  litre  is  1  cubic 
decimetre.) 


0-1453  >'3-'4i59 
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millimetre,  the  value  01 
of  2-51  metres. 


10.   A  rectangular  piece  of  paper  is  measured  in  inches  and  in 

centimetres,  with  the  following  results : 

Length,  873  inches  ;  22'I7  centimetres. 
Breadth,  5-57  inches  ;  14'S  centimetres. 
Find  the  area  of  the  paper  in  square  inches  and  in  square 
centimetres,  and  hence  find  the  number  of  square  centimetres  in  a 
square  inch.  If  the  measurements  are  correct  to  the  nearest  figure 
in  the  second  place  of  decimals,  to  how  many  places  may  your 
results  be  regarded  as  accurate  f 


0  1.  The  internal  measurements  of  a  rectangular  cistern  are — 
length  2-40  metres,  breadth  1-22  metres  and  height  I  metre.  How 
many  litres  of  water  will  it  hold  ? 

2,    On  what  sum  will  the  simple  interest  for  r^  years  at  2J  pei 

cent,  per  annum  be  £^7.  is.  ftd.'i 
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3.  Find  the  cost  of  papering  a  room  19  fttt  long,  16  feet  broad 
and  10  feet  high  (one-fourth  of  the  wall  space  being  taken  up  by 
the  fireplace,  the  doors  and  the  windows)  with  paper  which  is 
21  inches  wide  and  costs  i^d.  a  yard. 

4.  The  Navy  Estimates  for  the  year  1903  were  .£35,837,000, 
and  for  1904  they  were  .£38,328,000.  Find,  to  the  nearest  tenth,  the 
percentage  increase. 

5.  If  36  horses  can  plough  54  acres  of  land  in  15  days,  how 
many  days  will  26  horses  take  to  plough  1 17  acres  at  the  same  rate? 

6.  A  plan  is  to  be  enlarged  so  that  a  plot  of  ground  which 
occupied  1-5  sq.  in.  in  the  original  shall  occupy  at  least  i  sq.  foot 
in  the  enlarged  plan.  If  the  original  measured  6  in.  by  4  in., 
what  must  the  least  dimensions  of  the  enlarged  plan  be  ? 

7.  A  centimetre  being  0'3937  inch,  find  to  four  significant 
figures  how  many  acres  are  in  a  square  kilometre. 

8.  The  return  railway  ticket  from  a  suburb  to  London  costs 
zr,  2d.,  and  the  annual  ticket  j£i2.  S^.  od.  How  many  days  in  the 
year  must  a  man  travel  to  save  money  by  taking  an  annual  ticket 
instead  of  paying  for  each  day  F 

9.  (a)  One  degree  of  longitude  at  the  equator  measuring 
365,000  feet,  determine  the  equatorial  circumference  of  the  earth  in 
miles. 

(i)  Express  as  the  decimal  of  5  furlongs  the  difference  in 
height  between  Mount  Everest  (29,002  feet)  and  Mont  Blanc 
(15,732  feet) 

10.  How  many  parcels  each  containing  I  franc  and  2  marks  can 
be  obtained  for  .£1063.  iw.,  when  ^i  is  worth  25^  francs  or 
20^  marks  ? 

D  1.  Divide  54076539  by  63,  using  the  method  of  factors  and 
short  division.  Give  a  reason  for  the  method  by  which  you  find 
the  remainder. 

2.  A  man  has  ^108.  13J'.  4</.  Find  how  many  things  each 
costing  £5.  4s.  s^if.  he  can  buy,  and  how  much  money  will  remain 
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3.    Fiad  the  values  of 

0)   i3iV+'7if-26iJ-2^, 
(ii)  230-69xoooi8-^o-os9. 
1.    Find  the  values  of  (i)  -ff,  of  lo  tons   J  cwt.,  (ii)   S'Saj   of 
3  miles.     Express  the  latter  result  in  miles,  furlongs  and  yards. 

5.  Find,  to  the  nearest  centime,  the  price  of  a  carpet  6  metres 
24  centimetres  long,  and  4  metres  35  centimetres  broad,  at  8  francs 
5  centimes  per  square  metre. 

6.  If  I  pay  a  cabdrivei  one  penny  per  minute,  and  he  drives 
3^  miles  in  half-an-hour,  at  what  rate  do  I  pay  him  per  mile  ? 

7.  Find  the  simple  interest  on  ^375?  for  2^  years  at  3^  per 

8.  Find  the  value  of  35705682  x  58i'35823-j-82-05972  to  three 
places  of  decimals,  using  contracted  methods. 

9.  The  Navy  expenditure  is  given  below  for  certain  years. 
Plot  these  amounts  on  a  diagram  and  draw  a  broken  line  through 
the  points.  Draw  also  a  straight  line  to  lie  as  near  this  broken  line 
as  possible,  and  taking  this  line  to  indicate  what  the  expenditure 
would  be  in  I905'6,  and  in  1906-7,  if  there  was  no  change  of 
plans,  estimate  the  expenditure  for  each  of  these  years.  If  the 
population  may  be  estimated  as  44  millions  in  1906-7,  what  would 
the  cost  per  head  be  in  that  year? 


1897-8 


1899-00 
1900-1 


1902-3 
1903-4 
1904.5 


£ 

20,848,863 
23,880,875 
25,731,220 
29,998,529 
30,98 1,3 1 5 
31,003,977 
3S>709,477 
36,889,500 


E  1.  («)  Express  3  tons  12  cwt  3  qr.  as  the  decimal  of  $  tons. 

(6)  Find  the  value  of  4  ac.  3  ro.  35  sq.  po.  at  ^5.  8j.  6d.  per 
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2.  Evaluate  true  to  two  ilecitna.!  places  : 

{a)  The  square  root  of  873217342592. 
(*)  The  number  of  cubic  inches  in  a  cubical  block  of  23'572 
inches  side. 

3.  The  crop  on  17  acres  is  worth  .£140.  5^-.  at  45^^-  a  quarter. 
What  number  of  acres   will  give   a   crop   worth  £1^4  at  42^.   a 

4.  What  two  figures  placed  to  the  right  of  785634  will  give 
a  number  divisible  by  97  ? 

5.  Find  the  greatest  common  measure  and  the  least  common 
multiple  of  the  numbers  15496  and  12665,  ^^^  show,  by  general 
reasoning,  that  these  four  numbers  form  a  proportion. 

6.  The  interest  of  £2^  for  3J  years  at  simple  interest  was 
found  to  be  £i.  i8j-.  gii  ;  what  was  the  rate  per  cent.  ? 

7.  An  embankment,  15  feet  high  and  60  feet  long,  is  built 
by  30  men  of  equal  strength  in  60  days  ;  another  embankment, 
20  feet  high  and  80  feet  long,  is  built  by  45  men,  also  of  equal 
streogth,  in  64  days.  What  is  the  ratio  of  the  strength  of  the  two 
classes  of  men? 

8.  On  i6th  December  the  average  price  of  wheat  was  28j-.  ^li. 
per  480  lb.,  of  barley  24J.  511^  per  400  lb.,  of  oats  171.  iirf.  per 
312   lb,     {"ind,  correct  to  the   nearest   penny,   the  price  of  each 

9.  The  folio wii^  table  gives  the  mileage  and  annual  cost 
of  certain  urban  main  roads  in  the  County  of  Bedfordshire  : 


Bedford      - 

-      9     5     6 

£yxx> 

Biggleswade       - 

-     10     6     5 

.^1575 

Dunstable 

2     0     1 

.€353 

Leighton  Buzzard 

-      8      I      4 

£'^2S 

Luton 

-     16     2     6 

£33<xi 

Calculate   the  average  cos 

per 

mile    in  each 

case.    You  may 

assume  that  the  distances 

orrect  to  the  nearest  chain.    A 

chain  =  22  yards. 
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F  1.  Find  the  value  of  a  farm  125  acres  3  loods  32  sq.  poles  in 
extent  at  ^32.  6s.  M.  per  acre, 

2.  How  many  bricks  9  inches  long,  4  inches  wide  and  3 
inches  thick  will  be  reqtiired  to  build  a  wall  108  ft.  long,  8  ft. 
high  and  15  inches  wide,  if  ^  of  the  volume  of  the  wall  is  occupied 
by  mortar? 

3.  A  man  bought  certain  goods  of  which  he  sold  J  at  a  profit 
of  [4  per  cent.,  f  at  a  profit  of  17}  per  cent.,  and  the  remainder  at 
a  profit  of  20  per  cent    What  was  his  profit  per  cent,  on  the 

1.  Given  that  the  mean  thickness  and  diameter  of  a  farthing 
are  respectively  JJ  and  J  of  those  measurements  of  a  penny, 
find  how  many  farthings  will  weigh  the;  same  as  48  pennies. 

5.  Explain  the  difference  between  a  multiple,  a  common 
multiple  and  the  least  common  multiple. 

Find  the  two  numbers  of  which  317  is  the  G.CM.,  10^1  the 
L.CM. 

6.  If  a  cubic  foot  of  water  weighs  62-426  lb.  and  a  linear 
foot  is  equal  to  30-48  centimetres,  find  the  number  of  pounds 
in  a  kilc^am,  correct  to  the  first  decimal  place. 

7.  Explain  any  method  with  which  you  are  familiar  for  shorten- 
ing the  process  of  obtaining  the  square  root  of  a  number. 
Illustrate  by  applying  your  method  to  the  following  example : 

Find  the  number  of  feet  in  a  metre  given  that 
I  hectare  =  io7642-9934i9...  sq.  ft. 

8.  Express  the  difference  between  3^  and  ffj  as  a  vulgar 
fraction. 

If  you  were  to  calculate  the  area  of  a  circle,  using  in  turn 
for  K  each  of  these  approximations,  show  that  the  radius  must 
be  as  much  as  28  cm.  for  the  difierence  in  the  results  to  amount 

9.  If  an  eight-oared  boat  is  rowed  4^  miles  in  21   minutes 

36  seconds,  find  the  time,  to  the  nearest  tenth  of  a  second,  in 
which  it  is  rowed  its  own  length  of  59  feet. 
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10:  One  tradesman  states  his  profit  as  15  per  cent,  on  the 
buying  price ;  another  as  1$  per  cent,  on  the  selling  price.  Find 
the  difTerence  in  their  actual  profits  on  goods  sold  at  jCsSjS- 
State  what  you  consider  the  relative  advantages  and  disadvantages 
of  the  two  methods  of  computing  the  profits. 


O  1.  A  room  is  14  feet  6  inches  long,  11  feet  wide  and  9  feet 
high.  It  has  a  window  8  feet  by  4  fcet  and  a  door  7  feet  by 
1  feet  6  inches.  Find  the  area  of  its  walls  and  the  quantity  of 
brown  paper  required  to  cover  them.  The  paper  is  in  sheets 
of  45  inches  by  29  inches. 

2.  A  swimming  bath,  50  feet  long  and  25  feet  wide,  is  7  feet 
deep  at  one  end  and  3  feet  6  inches  at  the  other.  Find  the 
number  of  cubic  feet  and  the  number  of  gallons  of  water  required 
to  fill  it  to  within  6  inches  of  the  top.  A  gallon  weighs  10  pounds 
and  a  cubic  foot  of  water  may  be  taken  to  weigh  looo  ounces. 

3.  Prove  that  the  least  common  multiple  of  two  numbers  is  the 
product  of  the  numbers  divided  by  their  greatest  common  measure. 

Find  the  least  common  multiple  of  1404,  3042,  663. 
A.  If  20  men,  working  6  hours  a  day,  can  in  1 1  days  build  a 
wall  i  mile  long  ;  in  how  many  days  of  4^  hours  ench  can  a  party 
consisting  of  7  men  and  to  boys  build  a  similar  wall  156  yards 
long,  supposing  that  3  men  can  in  a  given  time  do  as  much  work 
as  5  boys? 

5.  If  the  charge  for  conveying  a  party  of  tourists  is  two  shillings 
per  mile,  express  this  charge  in  francs  per  kilometre,  supposing 
that  a  kilometre  is  1093-6  yards  and  that  25-08  francs  are  equivalent 

6.  In  the  following  advertisement,  find  the  rate  per  cent, 
per  annum  paid  by  a  customer  adopting  "  credit "  terms  :  "  Cuckoo- 
clock  offered  at  izs.  6d.  for  cash,  or  on  receipt  of  5^.  and  your 
promise  to  pay  2s.  td.  monthly  until  i;j.  is  paid." 

7.  In  189a,  Jan.  I  was  a  Friday.  When  did  this  occur  again 
in  that  century,  and  when  in  the  next,  1900  not  being  a  leap  year? 
Give  all  the  steps  of  your  reasoning. 
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8.  If  675  metres  of  silk  cost  4911  francs  35  centimes,  vhat  is 
the  equivalent  price  per  yard  in  English  money?  (i  n)etre=39-37 
inches  and  ^^1  =  25  francs.) 

9.  A  table  is  formed  showing  the  average  number  of  runs  p>er 
innings  of  a  certain  batsman.  Compare  the  effect,  in  increasing  or 
diminishing  the  preceding  average,  of  any  given  score  in  the 
7th  innings  with  that  of  the  same  score  in  the  42nd,  every  innings 
having  been  completed  and  the  average  after  the  41st  being  known 
to  be  the  same  as  after  the  6th. 

What  is  that  average,  if  a  score  of  SS  in  the  7th  innings  adds 
6|  more  to  it  than  the  same  score  in  the  42nd  ? 

10.  Find  the  product  of  186-438  and  2'374  true  to  three  places  of 
decimals. 

If  the  two  numbers  given  above  represent  in  metres  the  length 
and  breadth  respectively  of  a  rectangular  area,  true  to  the  nearest 
figure  in  the  third  decimal  place,  to  how  many  places  of  decimals 
can  you  rely  on  the  product  as  representing  the  area,  when 
expressed  in  square  metres  ? 

E 1.  A  number  of  books  will  fill  an  exact  number  of  shelves  with 
36,  45,  54  or  60  books  on  each  shelf.  What  is  the  least  number 
of  books  for  which  this  is  possible  ? 

If  the  difierence  between  the  greatest  and  least  number  of 
shelves  that  may  be  used  is  42,  what  is  the  number  of  books  ? 

.     2.   Simplify  59   ,?°,,    i%     J}. 

T7TZTZ1 

47     so'     so'     $0 

3.  What  decimal  of  365  days,  correct  to  /en  places  of  decimals, 
is  the  dilTcrence  between  ^^  of  a  day  and  5  hr.  48  min.  45  sec  ? 

4.  There  were  ;852276  names  of  scholars  on  the  registers  in 
20513  schools,  and  the  average  number  of  those  scholars  attending 
daily  was  4890237.  Determine  (i)  what  percentage,  correct  to  fivo 
places  of  decimals,  the  average  daily  attendance  was  of  the  total 
number  on  the  registers  ;  and  (ii)  at  the  average  rate,  what  should 
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have  been  the  average  daily  number  of  absentees,  to  the  nearest 
unit,  from  schools  containing  87  and  753  scholars  respectively. 

5.  Find  by  the  contracted  method  Ihe  square  root  of  3121, 
correct  to  within  a  hundred- thousandth  ;  ajid  thereby  obtain 
(SSK  (Si^y>  and  the  first  seven  figures  of  the  square  of  5586591. 
Show  that  tjio 

it  difTers  from  the  latter  by  a  quantity  less  that 


t 


X  228  X  1405' 

6.  What  rate  per  cent,  per  annum  does  a  customer  pay,  who 
adopts  credit  terms  in  buying  the  watch  referred  to  in  the  following 
advertisement:  "6d.  deposit.  Watch  6j.  6rf.  cash.  Government 
stamped  case,  .  .  .  three-quarter  plate  jewelled,  timed  and  seven 
years'  guarantee.  For  advertisement  only  on  receipt  of  6rf.  deposit 
and  payment  of  6(/.  per  week,  making  a  total  of  7J-.  6d.  in  all." 

7.  Assuming  that  the  square  of  the  speed  of  a  falling  body  is 
proportional  to  the  height  fallen  through,  and  that  after  falling 
through  a  height  of  I  foot  the  speed  is  8-025  feet  per  second,  find, 
to  within  one-hundredth  of  a  foot  per  second,  what  the  speed  will 
be  after  falling  through  873-4  feet. 

8.  If  radium  costs  ;£700  per  gram,  and  110  milligrams  of 
radium  are  required  to  illustrate  a  lecture,  the  charge  for  admission 
to  which  is  four  shillings,  how  many  people  would  have  to  be 
present  in  order  to  pay  the  cost  of  providing  the  radium  7 

9.  The  three  dimensions  of  a  rectangular  block  of  stone 
are  12}},  8J  and  9i^§  inches.  Give  its  volume  in  cubic  inches 
to  the  nearest  integer,  first  converting  the  given  dimensions  to 
decimals  to  the  necessary  number  of  places. 

10.  What  will  it  cost  to  cover  Ihe  walls  of  a  room  22  ft,  6  in. 
long,  18  ft.  wide  and  14  ft.  high,  with  paper  z  ft.  3  in.  wide,  the 
price  of  which  is  31.  6d.  per  piece  of  1 2  yards  ? 

1 1.  What  is  the  difierence  in  value  between  a  thousand  guineas 
and  a  million  farthings? 
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2.  Define  a  measure  of  a  nixmbet.  Writedown  a// the  measures 
of  363,  and  the  measures  which  are  common  to  that  number  and 
to  231. 

3.  Express  as  vulgar  fractions  in  their  lowest  terms  : 

4.  A  man  stands  by  a.  basket,  and  ten  potatoes  are  placed  in  a 
straight  line  upon  the  ground  at  intervals  of  10  yards,  the  first 
potato  being  10  yards  from  the  man.  If  he  takes  them  up  singly 
and  drops  them  into  the  basket,  how  far  must  he  go? 

If  there  are  loo  potatoes  similarly  placed,  but  at  intervals  of 
t  yard,  can  you  find  a  short  way  of  calculating  how  far  the  man 
win  have  to  go  ? 

5.  Find  the  squares  of  2,  2J,  2^  and  2}J,  as  decimals  to  the 
nearest  thousandth.     For  each  square  state  its  difference  from  5, 

6.  Find,  to  the  nearest  square  metre,  the  area,  of  a  garden 
2671  metres  long  and  18-37  metres  broad. 

If  the  length  and  breadth  were  given  to  the  nearest  centimetre, 
to  what  degree  of  accuracy  could  the  area  be  calculated  ? 

7.  What  percentages  (to  the  nearest  integer)  of  the  United 
Kingdom  do  England,  Wales,  Scotland  and  Ireland  form? 

Area  of  England        -        -        -     32,346,000  acres. 
„      Wales    -         -         -         -       4,774,000      „ 
„     Scotland       -        -        ■     19,456,000     „ 
„      Ireland  -        -        -    20,334,000     „ 

8.  A  rate  of  2S.  4^d.  in  the  pound  is  levied  on  a  district  whose 
rateable  value  is  .£369,782.     What  sum  does  this  rate  produce? 

9.  .£1000  is  advanced  to  a  man  who  agrees  to  repay  the  debt 
by  three  equal  instalments  to  be  paid  at  the  end  of  one,  two  and 
three  years  from  the  date  of  the  advance.  The  total  value  of  the 
instalments  at  the  time  when  the  last  one  is  paid,  including  interest 
at  4  %  per  annum  allowed  on  each  instalment  from  the  time  when 
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it  is  paid,  is  to  be  equal  to  the  amount  of  the  loan  with  interest  at 
the  same  rate  for  three  years.  What  is  the  amount  of  each 
instalment  ? 

10.  Find  the  acreage  of  a  field  ABCD  having  four  straight 
boundary  lines.  E  and  F  are  points  in  AB  so  that  AE=2'3  chains, 
EF=3-9  chains,  FB=2'2  chains,  ED—i  chains  and  FC=2-3  chains. 
ED  and  FC  are  both  at  right  angles  to  AB. 

(i  chain  equals  22  yards.  The  area  of  a  right-angled  triangle  is 
half  the  product  of  the  sides  about  the  right  angle.) 


J  I.   Taking  a  year  to  contain  365  days  5  hr.  4S  min.,  calculate 
the  yearly  income  which  averages  t  farthing  per  minute. 

2.  If  a  tradesman  bought  1526  hats  at  \6s.  6d.  each  and  sold 
them  for  cash  at  a  guinea  apiece,  how  many  had  he  lefl  when  the 
cash  taken  for  those  sold  was  equal  to  the  cost  price  of  all  the 
hatsf 

3.  Find  to  the  nearest  inch  the  length  of  paper  which  would  be 
used  in  papering  the  four  walls  of  a  room  21  feet  long  by  13  feet 
broad  by  8  feet  6  inches  high,  if  no  allowance  were  made  for 
windows,  doors,  wastage  or  overlapping ;  the  breadth  of  the  paper 
used  being  20^  inches. 

4.  Simplify  ,jo,^+A_M„,,. 

5.  Statistics  show  that  of  696419  boys  who  reach  the  age  of 
15  years,  30785  may  be  expected  to  reach  the  age  of  85  years. 
Hence,  of  729  boys  15  years  old,  determine,  to  the  nearest  unit, 
how  many  niay  be  expected  to  reach  the  age  of  85  years. 

6.  Divide  0-1817  by  4-6,  and  express  17  grams  3  centigrams  as 
the  declma!  of  2J  kilograms. 

7.  Find  the  square  root  ol  f^,  correct  to  the  nearest  figure  in 
the  third  decimal  place. 

8.  How  much  will  465  miles  ;  fur.  165  yd.  of  wire  cost  at 
£1$.  16s.  8(£  per  milef 
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9.  What  must  be  the  yield  per  acre  of  wheat  grown  on  certain 
land  when  wheat  is  worth  29^.  91/.  per  quarter  in  order  that  the 
value  of  the  crop  may  be  I2j  per  cenc  greater  than  when  the  yield 
was  314  bushels  to  the  acre  and  wheat  was  worth  34J.  per  quarter? 

10.  Calculate  the  simple  interest  on  £15637.  itw.  6rf.  for  the  days 
bitween  3rd  June  and  31st  October  of  the  same  year  of  365  days,  at 
3^  per  cent,  per  annum,  correct  to  the  nearest  penny. 

11.  One  lot  of  articles  cost  ^246.  15J.  and  another  lot  of  similar 
articles  cost  ^383.  loj.  If  each  article  cost  the  same  sum,  what  is 
the  least  total  number  of  articles  that  can  have  been  bought  ? 


K  1.  What  fraction  added  to  the  continued  product  of  fj,  2f,  -j^, 
2^  will  give  the  continued  product  of  |,  9,  %,  iW  and  f? 

2.  Express  with  a  common  numerator  the  fractions 

2^.  %  ^  h  II- 

3.  The  solar  year  contains  365-242218  mean  solar  days.  Find, 
to  the  nearest  minute,  the  error  produced  in  2000  years  by  our 
calendar,  which,  by  means  of  Leap  years,  intercalates  9?  days  in 
400  years. 

4.  A  lank  one  metre  deep  has  a  capacity  of  35- 1  litres. 
Another  tank  of  the  same  depth,  but  having  its  length  and  breadth 
each  I  centimetre  longer,  is  found  to  hold  39-2  kilograms  of  water. 
Find  the  length  and  breadth  of  the  first  tank. 

(A  litre  is  a  cubic  decimetre  ;  a  litre  of  water  weighs  a  kilogram.) 

5.  If  it  takes  2  days  1  hour  to  do  60  miles  walking  7  hours  each 
day,  how  long  will  it  take  to  do  42  miles  walking  one  hour  more 
each  day,  but  half  a  mile  an  hour  less  ? 

6.  A  square  field  containing  10  acres  is  surrounded  by  a  ditch 
3  feet  deep,  2  feet  wide  at  the  bottom  and  6  feet  wide  at  the  top. 
How  much  land  is  taken  up  by  the  ditch,  and  how  many  cubic 
yards  of  earth  had  to  be  dug  out  to  make  it?  (An  acre  =4840 
square  yards.) 
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7.  In  a  chemical  experiment  I  require  to  dissolve  one  gram  of 
copper  in  acid.  I  have  a  reel  of  copper  wire  100  metres  long, 
which  weighs  3^  kilograms.  What  length  of  wire  must  I  cut  off 
for  the  purpose?  Mark  off  the  length  in  question  in  your  answer 
book,  writing  your  numerical  answer  below  the  measured  length, 
calculated  to  the  degree  of  approximation  attainable  in  measuring. 

8.  Knowing  th^  number  of  pounds  in  a  cubic  inch  of  a  sub- 
stance, you  can  find  the  number  of  kilograms  in  a  cubic  centimetre 
by  multiplying  by  0^45  36 -i- (2 ■54)'.  Express  this  multiplier  as  a 
decimal  to  three  places. 

If  steel  weighs  488  lb.  per  cubic  foot,  bow  many  kilograms  per 
cubic  centimetre  does  it  weigh  ? 

9.  Find  the  smallest  number  that  when  divided  by  2i,  34  and 
28  leaves  as  remainder  9,  I2  and  16  respectively. 

10.  A  passenger  steamer  started  from  Liverpool  for  New  York 
and  maintained  a  uniform  speed  for  40  hours,  when  her  engines 
broke  down,  causing  a  delay  of  6  hours.  After  temporary  repairs 
she  proceeded  on  her  journey  at  a  rate  less  than  her  former  rate 
by  3I  miles  per  hour,  and  in  consequence  arrived  at  New  Yorit 
26  hours  late.  If  she  had  left  Liverpool  at  the  reduced  rate  of 
speed,  and  proceeded  uniformly  without  mishap,  she  would  have 
arrived  two  hours  later  than  she  did.  Find  the  distance  between 
the  two  ports.  _^_^__ 

L  1.  A  cubic  foot  of  Canadian  elm  weighs  0-725  as  much  as  a 
cubic  foot  of  water  ;  and  a  cubic  foot  of  water  weighs  looo  oz. : 
what  will  be  the  weight  of  a  beam  of  Canadian  elm  13  feet  6  in. 
long,  1  ft.  6  in.  deep  and  t  ft.  3  in.  thick  ? 

2.  A  man  buys  a  parcel  of  coffee  and  re-sells  il,  losing  3  per 
cent,  on  the  transaction.  If  he  had  obtained  ^14  more,  he  would 
have  gained  4  per  cent.    What  was  the  original  sum  paid  for  the 

3.  A  person  gave  £7$  for  20  casks  of  oil,  each  containing  30 
gallons.  He  sold  5  casks  at  three  shillings  per  gallon,  one  cask 
was  stove  in  and  the  whole  of  its  contents  lost,  and  15  gallons 
were  also  lost  by  ordinary  leakage.     He  then  sold  the  remainder 
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at  a  price  per  gallon  which  made  his  gain  a 

on  the  whole 

at  the  second  sale  ? 


9  selling  price  per  gallon 


I  amount 
nt.  per  am 


>  ^"0,672-  9J-  3<^-  in  7  years 
am  simple  interest? 

and  least  common  multiple 
their  prime  fectors,  and  thence 


4.  What  principal  w 
and  3  months  at  5^  per  < 

5.  Define  greatest 
Resolve  3310,  6552  and  12165 
deduce  their  L.C.M. 

6.  For  9  months  it  costs  £31$  to  feed  15  horses  ;  how  long  can 
24  horses  be  fed  for  ;^448  P 

7.  Given  that  a  quadrant  of  the  earth  — 10,000,000  metres  and 
that  the  earth's  radius=39s6  miles,  find  the  value  of  the  metre  in 
English  measure,  correct  to  the  nearest  hundredth  of  an  inch, 
given  that  the  circumference  of  a  circle=3'i4i6  times  the  diameter. 

8.  On  a  certain  map  a  road  1320  yd.  long  is  represented  by  a 
length  of  i8|  inches.  Deletmine  the  scale  of  the  map.  What 
area  on  the  map  would  represent  an  area  of  ^  sq.  mile? 

8.  Work  out  to  three  significant  figures  the  value  oi 

(93-7)v'275-3'l 
0-0002938 

10.  The  temperature  taken  every  two  hours  one  day  showed  : 


S3°-o 
46°-S 
46'-3 
46°-7 
47°-4 


Midnight 

-  4r'0 

-  40° -8 

4  a.m. 

-    4o°7 

6a.ro. 

-    39°-S 

8  a.m. 

-    4o°-8 

10  a.m. 

-    44°-S 

Noon 

-    48°-o 

Draw  a  curv 

e  to  show  the 

the  day,  and  estimate  the  temperature  at  3  p.m 


of  temperature  throughout 


MI.    I  square  metre=  107643  square  feet.     Find  the  length  ol 

J  decimetre  in  inches  to  three  decimal  places. 
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2.  Working  in  decimals  and  by  contracted  methods,  find  the 
price  per  cwt.  (to  the  nearest  penny)  when  23  c*t.  3  qr.  24  lb.  oi 
goods  cost  ;£452.  iij.  3i^ 

3.  Find  the  number  of  hours  and  the  number  of  Thursdays 
from  noon  on  April  12th,  1794,  to  noon  on  April  I2th,  1894. 

4.  If  a  pipe  of  9-inch  bore  discharges  a  certain  quantity  of 
water  in  6  hours,  how  long  would  4  pipes  of  6  inches  bore  take  to 
dischai^e  three  times  the  quantity?  (The  rates  of  discharge  are 
as  the  squares  of  the  diameters  of  the  pipes.) 

5.  The  length,  breadth  and  height  of  a  rectangular  room  are 
I,  b  and  k  yards  respectively.  Find  formulae  for  (i)  V,  the  volume 
of  the  room  ;  (ii)  A,  the  total  area  of  walls,  ceiling  and  floor  ; 
(iii)  D,  the  diagonal  of  the  room.  Evaluate  these  when  /=8,  i=6, 
A=4. 

If  V,  a  and  d  denote  the  volume,  area  and  diagonal  of  a  similar 
room,  each  dimension  of  which  is  half  the  corresponding  dimension 
of  the  larger  room,  state  the  relations  between  v  and  V,  between 
a  and  A  and  between  d  and  D. 

6.  If  7  rix  dollars  are  worth  2  ducats  and  9  ducats  worth 
4  moidores  and  20  moidores  worth  £tj.,  how  many  rix  dollars 
are  there  in  ^72  ? 

7.  In  the  following  give  your  reasons,  a  "yes"  or  "no"'  alone 
being  of  no  value  : 

(a)  15  tons  of  coal  cost  /16.  loir.,  and  9  tons  cost  ^9.  iSj.  Is 
the  price  proportional  to  the  quantity? 

{b)  The  base  of  one  equilateral  triangle  is  2  in.  and  its  area 
0'S66  sq.  in.,  the  base  of  another  is  4  in.  and  its  area  3'464 
sq.  in.    Are  the  areas  proportional  to  the  bases? 

W  £1°  put  out  at  interest  amounts  in  two  years  to  ^54,  in 
three  years  to  ^56  and  in  five  years  to  £(x>.  Is  the 
amount  proportional  to  the  time?  Is  the  interest  propor- 
tional to  the  time? 

8.  A  swimming  bath  holds  37,500  gallons.  Find  the  cost  of 
filling  it  at  ^.  per  thousand  gallons. 

If,  however,  the  charge  is  based  on  the  reading  of  a  water  meter 

J.1LA.  z  B 

L);.I....J  by  Google 


386  A  MODERN   ARITHMETIC 

which  may  be  wrong  by  lo  per  cent,  of  the  true  value,  how  much 
too  great  or  too  little  may  the  charge  be  f 

9.  Find  to  within  I  mm.  the  length  and  the  breadth  of  a 
rectangular  table  whose  area  is  55  square  metres  and  which  is 
twice  as  long  as  it  is  wide. 

N  1.   Prove  that  the  least  common  multiple  of  two  numbers  is 
obtained  by  dividing  the  product  of  the  numbers  by  their  greatest 

common  measure. 

The  least  common  multiple  of  two  numbers  is  16830  and  their 
greatest  common  measure  is  198  i  find  the  numbers.  Show  that 
there  are  two  answers. 

2.  The  average  number  of  thousands  of  depositors  in  the  Post 
Office  Savings  Bank  for  the  years  1891,  1892,  1893,  1894  was  5606 
(thousands).  The  number  of  depositors  in  the  year  1896  was  6-6 
per  cent,  higher  than  in  1895,  while  the  average  for  the  six  years 
1891  to  1896  was  5945.  Find  the  numbers  of  thousands  of 
depositors  in  each  of  the  years  1895  and  1896. 

3.  The  net  prices  of  goods  described  in  a  catalogue  are  15  per 
cent,  less  than  the  catalogue  prices,  while  a  further  discount  of 
5  per  cent,  on  the  net  prices  is  given  when  payment  is  made 
within  a  month.  A  customer,  however,  obtains  20  per  cent,  off 
the  catalogue  price,  and  finds  that  by  so  doing  he  has  gained 
£4.  los.  bd.  What  was  the  catal(%:ue  value  of  the  goods  he 
bought  ? 

4.  The  outer  dimensions  of  the  concrete  foundations  of  the 
walls  of  a  building  are  :  length,  10  metres  25  centimetres  ;  breadth, 
9  metres  38  centimetres;  and  depth,  85  centimetres.  The  inner 
dimensions  are  :  length,  9  metres  45  centimetres  ;  breadth,  8  metres 
58  centimetres  ;  and  depth,  85  centimetres.  Express  in  steres  the 
amount  of  concrete  required. 

5.  The  dimensions  of  a  floor  are  42  ft.  9  in.  and  35  ft.  9  in. 

What  would  be  the  error  in  the  calculated  area  if  the  dimensions 

were  taken     ,.,  ,        ,       „  .    , 

(1)  as  42  ft.  and  35  ft.  respectively, 

(ii)  as  43  ft.  and  36  ft.  respectively? 
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6.  Express  the  difference  between  the  Julian  year  (365^  days) 
and  the  Gregorian  year  (365  days  5  hours  48  minutes  47-6352 
seconds)  as  the  decimal  of  I  day. 

7.  A  ladder  is  2  ft.  6  in.  wide  at  the  base  and  1  ft.  4  in.  at  the 
top.  If  there  be  23  rungs,  and  if  the  middle  rung  be  equi-distant 
from  the  base  and  top  of  the  ladder,  find  the  total  length  of  wood 
which  has  to  be  used  for  the  rungs. 

8.  I  wish  to  fix  the  size  of  a  circular  enclosure  which  ]  may  not 
enter  ;  I  therefore  note  the  following  points  :  It  is  surrounded  by 
a  footpath  10  feet  wide,  and  four  lamp  posts  stand  along  the  outer 
botindary  of  the  footpath  at  the  corners  of  a  square.  Each  side  of 
this  square  cuts  from  the  enclosure  a  strip  whose  greatest  width  is 
equal  to  the  width  of  the  path. 

Find  the  diameter  of  the  enclosure  by  calculation  and  also  by 
drawing.  For  your  drawing  take  a  circle  of  radius  4  inches  for 
the  outer  boundary  of  the  footpath. 

9.  Find  tbe  rate  per  cent,  per  annum,  simple  interest,  that  a 
borrower  pays,  according  to  the  following  scheme:  "Loan  Fund 
Association.  Money  promptly  advanced  on  personal  and  other 
security.     .£20,  12  monthly  repayments  ot  £i-  17s.  8rf." 

10.  A  rectangular  casket  (with  a  lid)  11  inches  long,  7  inches 
wide  and  6  inches  deep,  outside  measurements,  is  made  of  metal 
of  a  uniform  thickness  of  |ths  of  an  inch,  and  plated  inside  and 
out  with  silver  iJgth  of  an  inch  thick.  Find  the  weight  of  silver 
on  the  casket.    (A  cubic  inch  of  silver  weighs  4'5456  ounces  troy.J 

59.    LOGARITHMS. 
Xntroductory- 

A  Ic^arithra  is  defined  formally  as  follows : 
The  lognrltbin  of  a  niuniMr  to  a  El^en  tnaa  la  tlie  powsr  to  wbldi 
tli«  Uise  mtut  be  raised  to  eqtutl  tlie  ntimber. 

Thus,  since  2^  =  8, 

3  is  the  logarithm  of  8  to  the  base  i, 
or,  more  briefly,  3  =  logji8. 
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Similarly,        5  =  logB243,     for     243  =  3^ 

The  application  of  logarithms  will  be  seen  later.  By  the 
use  of  It^arithms,  processes  of  multiplication  become  processes 
of  addition,  processes  of  division  become  processes  of  subtrac- 
tion and  processes  of  evolution  and  root  extraction  become 
processes  of  multiplication  and  division  respectively. 

Clearly     3^  x  3*  =  (3  x  3  x  3)  x  (3  x  3  x  3  x  3)  =  3^. 

Also,        j;^  X  ;c*  =  three  x's  all  multiplied  together,  and  the 
answer  multiplied  by  the  product  of  four 
more  x's 
■='x',  where  x  stands  for  any  whole  number. 

The  result  can  be  extended,  and 

where  the  powers  or  iadices  m,  and  n,  are  any  whole  numbers. 
Frequently  fractional  indices  have  to  be  employed  ;  thus  : 
j:*  has  the  same  meaning  as  the  square  root  of  a:, 
y^  I.  .,  17  cube         „      y, 

z\  „  „  „  fifth  „       s,  and  so  on. 

fl^  can  be  regarded  either  as  the  square  root  of  the  cube 
of  a,  or  the  cube  of  the  square  root  of  a. 

Some  of  the  following  exercises  are  designed  to  show  that 
the  relation  ^  x  ^t"  =  *"*" 

is  true  when  m  and  «  are  fractional 
Also  that  j:"  ^  jc"  =  *'""" 

Example  i. 

2S6*X2s6i=zSx2*  =  2*x22=2fl=2s6« 

Example  z. 

15625*  X  15625*  =  5^  X  5'  =  52  X  53=  2==  15625*. 
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1,    Find  the  products  of  the  following,  expressing  the  results  a 
powers  of  the  numbers  given  : 

('*)3*^3';  (^)4'><4*;  (f)io=xio»;         (rf)  4»X4'« 

W.oo3x.oo»;    (/)2S="X25«;   G')©'°xQ)"l 

Fill  in  the  missing  parts  in  the  following  equations,  working  oi 
the  lines  of  examples 


,1»X 


,A 


2.  io24'x  1024"  =io24<--'. 

3.  1024*  X  1024"        =  1024I--'. 

4.  1024^'  X  1024^      =  1024'-—'. 

\729/       \729/         \729' 

6.  (.o")^x(io'")*       =(io'^^-'. 

7.  (78i25)*~(7Bi25)^=78i25<'-'. 

B.  {ioooooooo)'-i-(roooooooo)'=(ioooooooo)'— •*. 


Since 

2 

'X2'  =  2« 

therefore 

2^ 

xa'^^gA. 

Obtain  relations  s 

milar  to  the  above  in 

the  following 

9.          3 

X3" 

=  3"- 

Extract  the  1  a'"  toot. 

10.        10 

xio» 

=  IO« 

„ 

ii">   „ 

11.  (o-ty 

x{o-6y 

=(o.6)»<. 

„ 

47'" 

'=■  (r 

<i)" 

=©"' 

30"- 
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Since 

«--=-«>  =  «•-», 

it  is  clear  that 

-=?■ 

Owl. 

Change  into  or 

from  a  fractional  form : 

1.   io"-5 

.   ,o.->.          3.   ^ 

5.  «*-«. 

6.  t                7.  (,oor-™ 

It  has  probably  been  noticed  that 

if^n'  =  rf"  =  n"  by  following  out  the  rule, 
whence  «*=!. 

This  is  of  great  importance. 

Hence  also  -;  =  -i    =  «""'"  =  «"'. 

EXERCISES  T.TVVV,  0, 
Oral  or  otlierwlsai 

1.  J  as  a  power  of  2. 

2.  {a)  oooi,  (b)  loo,  (£)  O'Oi,  (rf)  ^jWi  as  powers  of  la 

3.  (a)  5^^.  (*)  125,  W  O'OoB,  (</)  0-04,  {e)  yjjjy  as  powers  of 

4.  (a)  0.2S,  (*)  0.125,  (f)  it^ij.  (O  jilt  as  powers  of  2. 

5.  (■»)  i,  (*)  aV.  (f)  T^ff  as  powers  of  3. 
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powers  (positive  or  negative)  of 


6.  782. 

7. 

0-063. 

8.    CroaOJ. 

9.  973-3- 

10.   10893a. 

11. 

0000006. 

12.   699999- 

13.   82-0063- 

It  i. 

15. 

u- 

16.   1^1- 

17.  4fr- 

18-  lik- 

19. 

1-0683. 

20.   siff. 

21.   W 

22.  0-000007. 

23. 

s- 

EXERCISES  LXXrV.d. 

Find  the  logarithms  01 

1.  w 4, m !, W o«i!S, (i) 256, «<i4,(/) A,«  1024, Wo!S 

to  the  base  2  ;  i.e.  lind  the  power  to  which  2  must  be  raised  to  yield 
the  given  number. 

2.  (a)  3,  (*)  3',  i^)  h  W  =43,  W  A,  if)  ir,  U)  27  to  the  base  3. 

3.  (a)  2,  <*)  8,  (0  J,  (rf>  j^  to  the  base  64. 

4.  {«)  5,  (*)  0-2,  (^)  0.04,  (^  I2S,  (e)  625,  (/)  53^  to  the  base  5- 
6.  (a)  },  (i)  49,  (i)  34i  (</)  sis.  (*)  A  £0  the  base  7. 

6.  (a)  s,  (&)  125,  W  ,Jt.  W  fAi  to  the  base  25. 

7.  W3,(*>37,W9,('01,('-)5Js  to  the  base  81. 

8.  (a)o-i,  (*)o-oi,  (f)  Jooo,(rf)ioOi(')"^.  (/)'o°oOi(^)0'0000i 
to  the  base  10. 

9.  Express  the  following  relations  otherwise  than  in  logarithmic 
form,  proving  the  results  where  not  obvious  : 

(a)  log„o.i      =-i,  (*)  logioioo  =2,  (f)  Iog,„looooo  =  5, 

(d)  logsSi        =4,  W  log,o-i2S=-I-5,  (/)  ]ogjlo24      =10, 

<^)  logiooooi  =  - 3,  (A)  logsOOo8=-3,      (i)  log.*^  =2, 

0')loB48         -I-5,  (*)  log»8      =i,  (/)loggi6         =J. 
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Fioofs  of  Ftmdamental  Processes. 
Proofs  will  now  be  given  of  the  fundamental  processes  in 
the  application  of  logarithms. 

(a)  log,OT  +  log,«-log,(wxn), 
(i)  log,m-lc^«  =  log,(»<^«), 


(c)  logiV^          =-logiW. 

If  x  = 

y 

and  hence 
Similarly, 

=  log,ff(,   then  »»  =  #■, 
■  log(«,     then  n  =  ff', 

:.    log,m«  =  :c+^   =logffi  +  log«. 

■'■    log*- =*-.>'    =10foOT-lC^«. 

.    Again, 

;i/^=(«r 

=(^)- 

log,  V«  =  ^=ilogt»i. 

As  a  particular  case  of  muhipllcation  or  of  root  extraction  it 
will  be  clear  that 

log,m"=nlogt»». 

In  practical  applications  the  base  is  always  lo ;  it  will  there- 
fore be  assumed  in  future  that  the  base  is  lo,  if  no  specific 
mention  is  made  of  the  base.  Thus,  by  Ic^  s  will  be  meant 
the  logarithm  of  5  to  the  base  ro. 

Tables  of  logarithms  are  published,  and  a  table  is  given  at 
the  end  of  the  book,  but  it  is  interesting  to  obtain  the  logarithms 
in  certain  cases,  even  if  the  methods  employed  are  not  general 
methods  and  are  only  applicable  in  special  examples. 
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The  Ic^arithm  of  any  power  of  jo  can  be  obtained  by 
inspection. 

Thus:  logio'  "O       fo""      1°"=  i. 

lc^,nioo  =  2         „       10*=  100, 
logj9iooo=3        „      1 0'=  1000,  and  soon. 

Also  logo-i=-i     „     io~i  =  —  =  o-i, 

logo-oi=-z     „     io~^  =  -— j  = —  o-oi. 

The  Ic^arithm  of  any  number,  pure  or  mixed,  between  i  and 
10  lies  between  o  and  i ;  that  of  any  number  between  10  and 
too  lies  between  i  and  z,  and  so  on. 

EXEBOISES  LXXX7.  e. 
Oral, 
State  the  integers  (positive  or  negative)  between  which  lie  the 
logarithms  of  the  following  numbers  : 

L  W  i5,{A)225,  W7.(rf)  18625, (*)989256,(/);.9234,  (jr)79-234- 

2.  (a)  0-002,  {6)  0-003,  ('")  <*'04>  ('')  0-00006. 

3.  («)  0.5632,  (i)  0^55632,  W  1983,  W  198. 

4.  (<i)  3892,  (*)  0-3892. 

Uethodfl  of  obtaining  Approzimationa  to  log  2,  log  3,  log  7, 

Example  i. — To  find  an  approximation  to  log2. 
2  lies  between  10"  and  10' ; 

log  2  lies  between  o  and  i. 
2*  lies  between  10"  and  10^ ; 

.'.   2 1(^  2  lies  between  o  and  i, 
and  1(^  2  lies  between  o  and  0-5. 
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3'  lies  between  10"  and  lo* ; 

.'.   3  log  2  lies  between  o  and  r, 
and  \og  2  lies  between  o  and  0-333...  - 

Again,  since  2^*=  1024,  and  is  greater  than  1000, 
.'.  log  z"'  =  log  1024,  and  is  greater  than  log  lo",  i.e.  >3; 
whencs  log  2  >  0-300  and  <  0-333. 

EXERCISES  LXXXV.  1 

1.  By  considering  the  logarithms  of  the  numbers  in  the  first 
column,  supply  answers  to  the  queries  in  the  accompanying'  table 
as  in  Example  (i)  above  : 


» 

. 

logs 

is  greater  than 

" 

a«rf  /«M  than 

0-333 

(») 

„ 

, 

0-300 

, 

0-4 

» 

2'» 

„ 

! 

„ 

? 

w 

1- 

,. 

„ 

f 

. 

? 

M 

3' 

log  3 

„ 

? 

„ 

? 

(/) 

3.8 

, 

? 

„ 

? 

Cf) 

3' 

» 

„■ 

! 

„ 

? 

(*> 

3" 

.. 

,, 

! 

, 

? 

(■■) 

f 

log? 

? 

,, 

! 

0) 

7" 

? 

., 

? 

Write  down  as  accurately  as  you  can  the  value  of  tog  2,  log  3, 
log  7,  obtained  from  the  above  table. 
(More  accurately         log  I =0-30103... , 

log3=o-477i2... , 

log7=o-84Si....) 
2.    Hence  obtain  (a)  log  4.  (*)logS.  (^)iog6,  (d)iog8,(e)logg. 


;dbv  Google 


LOGARITHMS  395 

EZEBCISES  LXXZV.  g. 
QrapUo. 

1.  Draw  a  graph  in  which  horizontal  distances  represent  the 
numbers  i  to  10,  and  vertical  distances  the  corresponding  log- 
arithms. 

(Take  the  lengths  representing  units  to  be  in  the  ratio  of  i  :  10; 
for  example, 

log  2  =0-30103. .. ;  the  vertical  distance  would  be  10x0-30103 
and  the  horizontal  distance  2.) 

2.  Find  by  your  graph  the  logarithms  of  3-6,  4-2,  1-9,  j^y  Also 
the  numbers  the  logarithms  of  which  are  0-32,  0-45,  0-78. 

3.  The  tdble  below  gives  the  logarithms  of  the  numbers  quoted. 
Draw  suitable  graphs  showing  how  the  logarithm  changes  with 
the  change  in  the  number. 


No. 

60a 

601 

602 

603 

604 

log 

2.7782 

2.7789 

2.7796 

27803 

27810 

No. 

60s 

606 

607 

608 

609 

log 

2-7818 

17825 

27832 

27839 

27846 

No. 

800 

801 

802 

803          804 

log 

09031 

09036 

0.9042 

09047      09053 

No. 

8.05 

8.06 

S07 

S-oS 

8-09 

log 

09058 

09063 

0-906.3 

0-9074 

09079 

Make  what  deduction  you  can  from  your  result. 

4.   The  table  below  gives  the  difference  in  the  logarithms  for 
the  same  difference  in  the  number.     Plot  graphs  showing  how  the 
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differences  in  the  Ic^arithms  vary  (a)  with  the  number,  {i)  with 
the  reciprocal  of  the  number : 


Nu 

..e^ 

Appro.LnuK  difftttnc* 
in  logarUhms. 

Z' 

nd  loi 

00043 

300 

.    301 

owis 

400 

>    401 

O-OOIO 

Soo 

„     501 

o<«o8 

600 

,    601 

0-0007 

700 

,     701 

0-0006 

800 

,    801 

0-0005 

900 

.    9°" 

0-0005 

60.    LOG.^RITHMIC  TABLES  AND  INSTRUMENTS. 
To  find  the  Logarithm  of  a  Number. 

Example  i.— 7tj/w/logs7s-3. 

Since    575-3  =  io^x5-753.    log  575-3  =  log  io^  +  logS-7S3. 
but     logio2=2    and    S-7S3^><io;     ■'■    S-753>  io''< '=». 

Hence  logs-7S3  lies  between  oand  i,  and  .■,  lc^s-753  is  a 
pure  decimal. 

The  whole  number,  that  is  z,  is  called  the  characteriBtic, 
the  pure  decimal      „         „      mantisga. 

The  mantissa  alone  is  given  in  the  tables,  and  without  the 
decimal  point ;  the  characteristic  is  seen  on  inspection. 

In  the  table  of  logarithms,  begin  by  looking  down  the  first 
column  for  57. 

The  corresponding  line  is  as  follows  : 


N(K 

■ 

• 

. 

. 

— 

' 

' 

. 

L 

76.7 

. 

3 

! 

• 

7 

• 

. 

!I 

7!!. 

7566 

7!7. 

7537 

7SB9 

7604 

7«<. 

7610 

. 

' 

1 

. 

! 

• 

;dbv  Google 


LOGARITHMIC  TABLES   AND  INSTRUMENTS  397 

The  meaning  of  this  tine  is  that 
logs-7o  =  o-75S9,  logs-71  =0-7566,  Iogs-7z  =  o-7S74andsoon. 

To  obtain  log g-7ol,'l  ,,  ■  ,-       ,. 

I      we  add  on  the  corresponding  figure 
0^     5'7i  1  f        in  the  difference  column  :  here  i ; 
etc.,  } 
whence  log 5-701  =  0.7559  +  o-oooi  -0-7560, 

so  1(^  5-707  =  0-7559  +  0-0005  =  0-7564. 

and  in  particular 

1<^  S-753  =  0-7597  +0-0002  =  0-7599  i 
hence  1<^S7S'3  =  *-7S99- 

Example  2. — 7iJ_/?W  log  0-005754. 

o-oo5754  =  5-754-iooo  =5-754xio-3; 

.'.   log 0-005754  =  lc«5-754  +  logio-»=log 5-754- 3; 
but  Ic^  5-754  =  log  5-75 -H  difference  for  4 

=  0-7S97  +  0-0003  =  0-7600 
and         log  ©■005754  =  0-7600  -  3. 

This  is  written,  however,  in  the  form  3-7600. 

To  find  the  Hnmber  corresponding  to  a  given  Logarithm. 

Example. — Find  the  number,  the  logarithm  0/ which  is  3-8828. 

By  inspection  it  is  seen  that  the  logarithm  is  that  of  a 
number  between  10'  and  10^  and  =  10^  times  the  number  the 
It^arithm  of  which  is  0-8828. 

Looking  through  the  table  of  logarithms,  the  following  line 


». 

. 

. 

■ 

. 

4 

.  . 

r 

■ 

* 

DilT,«l>«  .olum„.    1 

•!' 

3|. 

5 

t 

7 

.1. 

76 

8«oa 

ss., 

..„ 

8815 

883, 

88j7   884- 

8848 

8854 

8859 

,1. 

a 

i 

0-8828  lies  betwten  0-8825  ^nd  0'883i,  and  therefore  between 
log  7-63  and  log  7-64.     But  0-8828  =  0-8825  +  °ooo3. 

Look  at  the  difference  column ;  it  is  seen  that  0-0003  'S  the 
difference  corresponding  to  a  6  or  6 ; 

.'.   0-8828  =  log  7-635  or  log  7-636. 
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The  ambiguity,  that  is,  whether  the  third  decimal  figure  is 
5  or  6,  is  due  to  the  fact  that  the  logarithms  are  approxi- 
mate only. 

Uultiplication  by  Locarithms. 

Example, — Evaluate  (0-19  x  132)  by  logarithms. 
log  (0-19  X  132)  =  k^o-ig  + 1(^132 
'  =1-2788  +  2-1206 

=  1-3994 
=  lc^  25-08  j 


Division  by  Log&iitbms. 

Example. — Find  the  density  of  a  substance,  973-2  c.c.  of  which 
have  a  mass  o/^^S^  grams.     {Density  ^  mass -h  volume.) 


Density  (D)  =  9983  +  973-7. 

logD  =  log9983-logci73-2 
=  (3-9991 +0-0001) 
^  -(2.9881+0-0001) 

=  i-oo86  +  0-0024 
=  log  10-26  : 
.'.   density=  10.26  gr.  c.c.  units. 


Friiin  tables, 

1<^  9.98=0-9991. 

diff>=  for  oooj^^o-OOOi  ; 

'UR  9732  =  0-9881, 

diff  for  2=00001. 

From  laUes, 

log  I -02 =00086. 
J4=difference  for  6  nearT; 


Involution  by  Logaxitbms. 

[. — Evaluate  (13-27)^  l>y  logarithms. 

log(i3-27)^  =  3l<««3-27 

=  3(1-1206  +  0-0023) 

=  33687 

=  3-3674  +  0-0013 

=  1'^*337; 
,".   (I3-Z7)'  =  a337- 
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Example  2, — Evaluate  (0-0864)*  h'  logarithms. 

log  {0-0864)'  =  4  log  (0.0864) 

=  4(2-9365)  (Note.     2-9365  means 
=  5.7460  +0-9365-2, 

=  5-7459  +  0-0001  and  4  times  this 
=  log  0-0000557 1 ;  =  3-7460  -  8 

.-.   0-0864  =  0-00005571.  =0-7460  +  3-8 

"'  =0-7460-5.) 

Evolution  br  LogarithmB. 
Example  i, — Evaluate  if&gj6oo. 
If  X  stands  for  the  required  answer, 
logX  =  ^lc^8976oo 

=  Hs-9S*8  +  o-ooo3) 
=  1-9844 

=  1-9841  +0-0003=' log  96-45  J 

.-.    ^897600  =  96-45. 


Example  2. — Evaluate  ^^0-0000897  6. 
If  X  stands  for  the  required  answer, 
log  X  —  J  log  0-00008976 
=  s(5-953i) 

=,^^6  +  i,(,j3ij  Note  carefully  the  alteration 

=  2-6510;  of   5    to    6+1,    so    that    the 

•    x=0'0a477  negative  characteristic  can  be 

divided  exactly  by  3, 

EZEBCISES  LZZZn.  a. 

Note. — Wherever  possible  make  at  the  beginning  a  mental 
approximatioD  to  the  first,  or  the  first  two,  significant  figures. 
1.   Calculate  by  logaritbnis  the  weights  of  the  following  : 

(a)  Leaden  block,  length  98-34  cm.,  width  34-89  cm.,  thickness 
1603  cm.  (density  of  lead  11-36). 

(6)  Copper  plate,  length  4-312  metres,  width  2-813  metres,  thick- 
ness 0-0134  metre  (density  of  copper,  8-781). 
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ic)  Copper  cube,  edge  35'3S  cm. 

{d)  Steel  bar,  8-23  ft.  lone,  0'0864  ft.  square  in  section  (weight 
of  1  cub.  ft.  of  steel  499-1  lb.). 

{e)  Copper  wire,  3061  metres  long,  radius  of  section  0-000234  cm., 
ir=3'i42  (density  of  copper  8-781). 

(/)  The  air  in  a  room  19  ft.  4  in.  long,  18  ft.  6  in,  broad,  11  ft.  9  in. 
high  (density  of  air  o-ooi29t  x  62-32  in  ft  lb.  units). 

ix)  1B94  bricks,  the  weight  of  a  single  brick  being  8-23  lb, 

{h)  A  seam  of  coal,  3984  yd.  long,  1764  yd.  wide,  average  thick- 
ness i<033  yd.,  assuming  1  cub.  ft.  of  coal  to  weigh  78-26  lb. 

2.  If  a  metre  be  39-37  in.,  calculate  by  logarithms  ; 
(n)  The  number  of  metres  in  a  mile. 

(i)  „  yards  in  a  kilometre. 

(c)  „  cm.  in  23-81  ft. 

(d)  „  cm.  in  1064  inches. 

(e)  „  inches  in  18-62  metres. 

(/)  „  „         5890xio-«  metres. 

(g)  „  sq.  inches  in  iB  sq.  metres. 

(A)  ,;  cub.  inches  in  i  cub.  decimetre. 

3.  Using  the  table  below,  express  {a),  (c),  (k)  and  (k)  as 
percentages  of  the  total  amount  of  material  in  solution  ; 

TAe  Material  in  Solution  in  1  cub.  mile  of  trverage 
River  Water. 


(a)  Calcium  Carbonate 

Tons  in  CdUc  Mik. 
3267  X  16«. 

{b)  Magnesium  Carbonate 
{€)  Calcium  Sulphate   - 
{d)  Sodium  Sulphate    - 
(<;)  Potassium  Sulphate 
(/)  Sodium  Nitrate 

1129x10'. 
3436  x1a 

3180  x.o. 

2036x10. 
2680x10. 

{£)  Sodium  Chloride     - 

1666  xia 

(-5)  Silica      .        .        -        - 
(0  Ferric  Oxide  - 

7458  >:  10. 
1 301  X  10. 

(_/■)  Alumina - 

(*}  Organic  Matter 

1431 X  la 
7902  x1a 
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4.   Using  the  table  below,  find  the  volume  of  a 
1  temperature  of  (a)  32°  F.,  (6)  213°  F. : 


Weight  of  tVa/er  al  Different  Temperatures. 


■  62-41 7  lb. 

-  62'423  „ 

-  62'409  „ 

-  62-367  ,, 


62-302  lb. 
62-218  „ 
62-119  11 


6.   Employ  logarithms  to  complete  the  following  table  : 
Quatitify  of  Rainfall  corresponding  to  given  depth. 


TowpeT^-pJlt 

Imperial  t^lixui  per  acre. 

Depth  of  raiMill. 

3626 
10877 
14503 

? 
? 

? 

6.  If  the  matter  transported  by  the  rivers  mentioned  below 
has  an  average  density  2-2J  times  that  of  water,  find  in  each  case 
the  number  of  cubic  miles  of  rock  transported  per  annum. 

Dissolved  Mineral  Matter  transported  by  certain  Rivers. 


{a)  Mississippi,     - 

.     1128x10= 

{b)  Danube, 

-     2252  X 10* 

(.)  Nile,        -         - 

-     1695  X  io< 

(rf)  Rhone,    - 

■    8290x10^ 

{e)  Rhine,     -        - 

-  5817x10' 

(/)  Thames, 

-       548  X  Irf 

7.  Find  the  weight  of  172-5  ft.  of  cast  iron  piping,  outside 
diameter  14-00  in.,  thickness  of  metal  0-625  >"■<  the  weight  of  a 
cubic  foot  of  cast  iron  being  474.41b,  (1=3-1416). 
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A«a»fd.=,c. 

Circumference  of  circle. 

O-024 

f 
? 

? 
0-006940 

O'0o6o82 

? 
? 
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8.    Supply  the  missing  portions  of  the  following  table  : 


9,    Find  the  lengths  in  cm.  of  the  sides  of  the  following  cubes  : 
(a)  Mass,        E967  grams,  density  2-312. 
l&)      „      0006356      „  „      8-834. 

(c)      „       1184x10*    „  „      7726. 

10.   Evaluate  the  following  : 
<.")  (33'68sA  W  (38-125)*,  (c)  (8-763  X  io-')fr  (rf)  (0-0008634)'. 

Bralnation  of  Formulae. 

The  following  solutions  are  examples  on  the  evaluation  of 
formulae,  empirical  (that  is,  based  on  experience  or  observa- 
tion) and  otherwise. 

Example  i. — /«  blasting  with  gunpowder,  the  number  of 
ounces  of  powder  required  to  blast  any  rock  is  given  by  P,  where 


L  being  the  length  of  the  line  of  least  resistance,  X  a  constant.     If 
X  be  4<o6z,  calculate  P  when  L  =  4-336_/i'. 

Since  P  =  -a-' 

logP  =  logX-f  5logL-log8 

=  log  4-062  +  3  log  4-336  -jog  8 
=  0-60874 -f3(o-63709)_-f  1-09691 
=  0-60874  +  1-91127  +  1-09691 
=  1-61692. 


4i'4o  oz.  of  powder  will  be  required. 


(Note  a  proceeding 
frequently  employed, 
i.e.  of  subtracting  log  8 
from  o  at  once,  so  that 
the  further  process  is 
addition.) 
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Example  a. — The  load,  a  solid  column  or  pillar  of  cast  i: 
an  iupport,  is  frequently  calculated  by  the  formula 


W  being  the  weight  of  the  load  in  tons,  D  the  diameter  in  inches, 
L  th£  length  of  the  column  in  feet.  Calculate  the  load  which  can 
be  supported  by  a  pillar  T-^ft.  high  and  iz  in.  in  diameter. 

By  logarithms. 
log  W  =  log  149  +  376  log  0  -  1-7  log  L 
=  log  14-9  +  3-76  log  12  -  1-7  log  7-3 
=  i-i73i9  +  3-76(i.o79i8) 

-1.7(0.86332) 
=  1-17319 +  4-05773  +3-53236 
=  3-76327. 
W  =  5797. 
A  load  of  5797  tons  could  be  supported. 


EZEBCISES  LXZZVI.  b. 

1.  In  blowing  up  walls,  soldiers  sometimes  calculate  the 
necessary  charge  of  powder  by  the  formula 

where  P  is  the  charge  in  pounds,  L  the  half  thickness  of  the  wall  in 
inches,  a  a  constant  depending  on  the  nature  and  so  on,  of  the  wall 
Calculate  P  when  «=o.i672,  L=8-324. 

inches  produced  by  a  load   uniformly 
or  girder  of  rectangular  section  is  given  by 
_,     I2WL3 

where  W=the  load  in  tons,  L  =  length  of  beam  in  feet,  B  the 
breadth  in  inches,  T  the  thickness  of  the  beam  in  inches,  while  E 
depends  on  the  nature  of  the  substance  of  the  beam. 

In  an  iron  beam  in  which  £=1.32  x  10*,  the  length  was  18  ft., 
breadth  12  in.,  thickness  986  in.,  find  the  deflexion  due  to  a  load 
of  I  z6  tons. 
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3.  The  tractive  force  of  a  locomotive  is  given  by 

D'PL 
W  ' 
where  T  is  the  tractive  force  in  pounds  weight,  W  the  diameter  of 
the  driving  wheel  in  inches,  P  the  mean  pressure  of  the  steam  in 
the  cylinders  in  pounds  per  sq.  in.,  L  the  length  of  the  stroke  in 
inches,  and  D  the  diameter  of  the  piston  in  inches. 

The  diameter  of  a  driving  wheel  of  a  locomotive  is  5  ft.,  the 
mean  pressure  is  65  pounds  per  sq.  in.,  the  length  of  stroke  27-3  in, 
and  the  diameter  of  the  piston  io-6  in.     Find  the  tractive  force. 

4.  The  number  of  cubic  feet  of  water  discharged  over  a  sill 
isgivcDby  C=2I4-/h"^ 

if  the  water  be  otherwise  at  rest,  C  being  the  number  of  cub.  ft. 
discharged  over  each  foot  width  per  minute,  H  the  height  of  the 
water  surface  above  the  sill  in  feet. 

Calculate  the  discharge  from  each  foot  of  width  when  the  sill 
has  a  depth  of  (a)  10.3  in.,  {b)  6-4  ft.,  (c)  9-5  ft. 

5.  The  number  of  gallons  of  water  delivered  per  hour  in  pipes 
is  sometimes  calculated  by  

wheie  G=no.  of  gallons  delivered  per  hour, 
H  =  head  of  water  in  feet, 
D=diameter  of  pipe  in  inches, 
L  =  length  of  pipe  in  yards, 
(a)  Establish    a   similar   formula  where   all    the    lengths    are 
expressed  in   centimetres,  but  where  Q  is  expressed   in   litres, 
(Given  I  lii.=o-22oi  gal.  and  1  metre=39-37  in.) 

{i)  Find  the  diameter  of  the  pipe  if  the  number  of  gallons 
discharged  per  hour  is  2161,  the  head  of  water  150  f).  and  the 
length  of  pipe  1200  yd. 

6.  A  formula  sometimes  used  in  calculating  the  diameter  of 
a  single  acting  pump  used  ir 
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where  L  is  the  length  of  the  stroke  in  feet, 

0  the  number  ot  gallons  to  be  delivered  per  minute, 
N  the  number  of  strokes  per  minute, 
D  the  diameter  of  the  pump  in  inches. 
Calculate  (a)  the  number  of  gallons  raised  per  minute  when  the 

length  of  stroke  is  3-24  feet,  the  diameter  of  the  pump   1176  in. 

and  the  number  of  strokes  per  minute  1 1  ; 

(/>)  the  diameter  of  the  pump  capable  of  raising  120  gallons  per 

minute  when  the  length  of  the  stroke  is  2'94  feet  and  the  pump  is 

working  at  the  rate  of  13  strokes  per  minute. 

7.  The  pressure  on  a  dock  gale  is  given  by 

P=Axo-z78D, 
where  P  is  the  force  on  the  gale  in  cwt., 

A  the  area  exposed  to  water  in  square  feet, 
D  the  depth  of  water  on  the  gate  in  feet. 
Find  (a)  the  total  force  when  the  area  exposed  is  565   square 
feet  and  the  depth  14  feet  9  inches ;  (6)  the  depth  if  the  force  is 
31.64  cwt.  and  the  area  616  square  feet 

8.  The  necessary  diameter  of  a  balloon,  in  order  that  it  may 
be  able  to  raise  a  given  weight,  can  be  calculated  by 


"-  Vo.iJ36(A-0)' 
where  D  =  diameter  of  balloon  in  feet, 

A=weight  in  lb.  of  a  cubic  foot  of  air, 

Q=weight  In  lb.  of  a  cubic  foot  of  the  gas  used  in  filling  the 

balloon, 
W=weight  raised  in  lb.  (including  the  weight  of  the  balloon 
itself). 
If     A=0'o8o7z,    0=0-0056, 
calculate  (a)  the  diameter  in   order    that   the   balloon    may  be 
capable  of  raising  i2>s  cwt.;  (6)  the  weight  that  could  be  lifted 
by  a  balloon  of  35-5  tt.  diameter. 
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9.   In  warming  a  building  by  hot  water  pipes,  the  required 
length  of  4  in.  pipes  is  based  on  the  formula 

_(P-/)(T-/) 


P-T 


xo«>4sC, 


where  L=the  length  of  the  pipes  in  feet, 

P=the  temperature  (F.)  of  the  pipes, 
T=  „  required  in  the  building, 

/=  „  external  air, 

C  =  nuni]>er  of  cub.  ft.  to  be  warmed  per  minute. 
Find  the  number  of  feet  of  piping  re<^uired  when  P=i3o°  F,, 
/=4o-5''  F.,  T=6i-5°  F.  and  C=35-6x  lo'. 

10.    Calculate  the  force  exerted  per  sq.   ft.  by  wind  blowing 
directly  on  a  surface  according  to  the  formula 

P=0-002388V2, 

where  P  is  the  pressure  in  lb.  weight  per  sq.  ft. 
V     „     velocity  in  feet  per  second. 


Vd«d^ri»ft.p.r«c 

DHCrlfKionofWInd. 

29-3 
73-3 
146-6 

Brisk  gale 
Storm 

11.  The  elastic  force  of 
is  given  by 


am  expressed  in  inches  of  mercury 

where  T  is  the  temperature  (F.)  of  the  steam, 
C  is  177 

and      F  is  the  elastic  force. 
(a)  What  is  the  temperature  if  the  elastic  force  is  6o-2  in.  ? 
(^)  What  is  the  elastic  force  when  the  temperature  is  279°  F.  ? 

12,    The  number  V  of  cubic  feet  of  steam  obtained  from  1  cub.  ft 
of  water  is  given  by  30559- 

~o^T    ' 
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where  P  is  the  pressure  in  pounds  weight  per  sq.  in.  (including 
the  pressure  of  the  atmosphere). 

Calculate  (a)  V  if  P  be  14-706, 

{i)  PifVbe  103-6. 
13.   The  number  M  of  miles  per  hour  travelled  by  a  locomotive 
P.D 
56.023s' 
where  P=speed  of  the  piston  in  ft.  per  minute, 
S=stroke  of  the  engine  in  ft., 
D=dianieter  of  the  driving-wheel  in  ft. 
Complete  the  following  table  : 


Dri^^-wl,«L 

Piston  SfttA 

,    'C.:' 

m^r„:JL 

(a) 

3 

.867 

60 

? 

m 

? 

1232 

60 

22 

ic) 

4-5 

809 

? 

26 

Note. — Other  exercises  on  the  use  of  logarithm 
vith  Compound  Interest  and  Areas. 


The  Slide  Bule. 
EXERCISES  LXXXVL  c. 


If  a  line  AB  be  drawn  to  represent  the  logarithm  of  any  number 
m,  and  another  BC  to  represent  the  logarithm  of  any  other  number 
ft,  then  a  line  equal  in  length  to  (AB  +  BC)  will  represent  the 
logarithm  of  the  product  mxn  of  the  two  numbers. 


L   The 


logarithms   of  the   numbers  3   to  i 


Number   ■ 

3 

4 

5 

6 

7 

8 

9 

.0 

Logaiithni 

0301 

0477 

0.602 

0.699 

0-778 

0845 

0.903 

0'9S4 

I 
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On  a  scale  in  which  400  mm.  represents  the  Ic^arithm  of  ii>, 
i.e.  I,  the  preceding  logarithms  would  be  represented  by  the 
fallowing  lengths : 

Length  in  mm.,     120,   191,  241,  280,  311,  338,  361,  383,  400. 

Calculate  to  the  nearest  millimetre  the  lengths  which  represent 
the  Ic^arithms  of  I'l,  1-2...,  2'i,  2-2... ,  9'i... ,  9-9  (use  a  table  of 
logs.). 

2.  On  squared  millimetre  paper  construct  a  scale,  in  which  are 
represented,  as  in  Ex.  1,  the  logarithms  of  the  numbers  1,  i-i, ... , 
9'9,  10.  Make  the  divisions  of  the  scale  3  cm.  in  length.  Care- 
fully cut  the  scale  into  three  others,  each  of  the  same  length  but 


The  scales  can  now  be  used  as  rough  slide  rules,  and  the 
following  exercises  may  be  worked  either  with  these  paper  scales 
or  a  more  carefully  prepared  slide  rule. 

3.  Place  two  of  the  scales  alongside  one  another ;  slide  one 
scale  B  along  the  other  A  until  the  division  marked  i  in  B  is 
opposite  to  the  division  marked  2  in  A.  See  if  the  divisions  on  A 
are  marked  with  numbers  twice  as  great  as  those  which  mark 
the  opposite  divisions  in  B. 


Example 


of  the  slide  rule. 


Move  B  along  A  until  the  division  corresponding  to  1-4  in  A 
is  opposite  to  the  division  marked  i  in  B  (Fig.  72).     Note  the 
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reading  on  A  opposite  to  8-5  on  B ;   it  is  seen  to  be  between 
II-8  and  12,  and  estimated  at  11-9  (Fig.  72). 

Example  2. — Evaiuate  46-T-3-4, 

It  is  important  to  note  that  in  many  cases  no  notice  of  the 
decimal  point  is  taken  in  the  work  with  the  slide  rule  itself; 
its  position  is  determined  by  inspection. 


Place  division  3-4  in  B  opposite  to  division  46  in  A,  read 
off  the  division  on  A  opposite  division  i  in  B;  this  reading 
gives  the  result  of  the  division,  and  is  seen  (Fig.  73)  to  be  13-5. 


Example  3. — Evaluate  58  x  i-3-i-7-9. 


i— > 

n      6 

1       70 

80    90|l 

U! 

r° 

\          1 

60           70 

8 

f 

P!! 

pwm 

Bo 

(fl)  Set  division  i  on  B  opposite  division  1-3  on  A,  move 
the  hair  slide  until  the  hair  is  over  the  58  mark  on  B  (Fig.  74). 
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(^)  Move  the  scale  B  until  the  79  mark  is  under  the  hair 
(Fig.  75).  Note  the  reading  on  A  opposite  the  mark  i  on  B; 
this  is  seen  to  be  ahout  9'5. 


Example  4. — Evaluate  -JtB. 

Method  (a).      Using  only  scaUs  A  and  B. 

Place  the  hair  slide  over  division  78  on  A,  slide  B  until  the 
division  on  B  underneath  the  hair  is  the  same  as  the  division 
in  A  opposite  to  the  mark  i  on  B.  The  reading  8-83  gives 
the  square  root  (Fig.  76). 


,  '*« , •,'»! 

"-l-fTii  rm 

D          3 

1     ^'^ 

'1°  1 

57^ 

Ml 

niihiii  1 

B       10 

iilirntr 

tifitiinlii 

MWJif 

n  1 II 1 11 

Fig.  -fi. 

Method  (b).      Using  a  separate  scale. 

Construct  a  new  scale  (this  will  probably  be  already  part  of 
the  slide  rule)  in  which  all  the  scale  divisions  are  exactly 
double  the  size  of  the  corresponding  divisions  on  A  or  B; 
place  this  scale  D  against  either  A  or  B ;  if  the  first  marks  (i) 
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are  opposite  each  other,  the  numbers  on  D  are  the  square 
roots  of  the  corresponding  numbers  on  A  (or  B). 

In  an  actual  sUde  rule,  these  scales  would  be  as  on  C  and 
D  in  Fig.  76. 

Example  5. — Evaluate  i/jS. 


Set  the  hair  slide  over  76  in  A ;  slide  B  until  the  reading  on 
D  opposite  the  i  on  B  or  C  is  the  same  as  the  reading  on  B 
under  the  hair  {Fig.  77) ;  this  reading  4-24  giyes  the  cube  root. 


EXERCISES  LZXXVI.  d. 

Evaluate  the  following,  as  accurately  as  the  slide  rule  permit! 
and  verify  by  ordinary  calculation  : 

1.    1-3x1.4.         2.    2'5Xi-3.        3.   47X1-22-      4.    5-4>:i'8. 
i.         6.    ri3-^3-4.       7.    29-^7■4.        8.   3-s-~2-2. 


8-3^3-2. 


10.  (8.9-Ms)-r3.2. 

11.    76+(3. 

IS.   s/7>:t^. 

14.   -IM+J 

16.  -Ji-gxi-i. 

17.    Vj. 

19.    V^. 

20.   W¥7" 

M.I). 


jV.S. — The  slide  rule  should,  however,  be  frequently  employed 
in  approximations  in  general  work  ;  accordingly,  only  a  few  typical 
exercises  are  given  here. 
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i.  The  following  table  gives  the  volumes  and  diameters  of  a 
number  of  spheres.  Draw  a  graph,  plotting  the  Ic^arithm  of  the 
volume  against  the  logarithm  of  the  diameter ; 
increase  in  the  logarithm  of  the  volume  for  each  u 
the  logarithm  of  the  diameter ;  show  from  your  result  that  the 
volume  is  proportional  to  the  cube  of  the  diameter : 


Volume 

0524 

419 

141 

33.5 

65-5 

II3I 

179* 

^ 

382  cab.  in. 

Diameter 

I 

' 

3 

' 

5 

6 

7 

' 

„.. 

2.  The  accompanying  table  gives  the  velocity  acquired  by 
bodies  in  falling  from  various  heights.  Plot  the  logarithms  of  the 
velocity  against  the  logarithms  of  the  fall.  Deduce  from  your 
graph  that  the  velocity  is  proportional  to  the  square  root  of 
the  fall : 


Fall  in  feel      -        -        - 

. 

.= 

» 

30 

40 

SO  I  60 

70 

Velocity  in  feet  per  sec.  ■ 

8 

IS 

36 

44 

51 

57  1  62 

67 

3.  The  table  below  gives  the  relation  between  the  n 
supply  of  gas  through  a  certain  length  of  piping  and  the  diameter 
of  the  piping,  the  pressure  beiDg  the  same  in  each  case.  Prove 
that  the  supply  squared  is  proportional  to  the  diameter  raised  to 
the  ;th  power ; 


Diameter  of  pipe  in  inches    - 

' 

2 

3 

4 

5 

6 

Supply  in  cub.  ft.  per  hour    - 

67 

377 

1039 

ai33 

3730 

S880 

4.  The  following  table  gives  the  mean  distances  from  the 
sun  of  the  chief  large  planets  ;  also  their  periods  of  revolution 
around  the  sun  in  days.  Draw  a  graph  connecting  the  logarithms 
of  the  mean  distance  from  the  sun  with  the  It^arithm  of  the 
period.     Make  what  inierence  you  can  from  your  result,  and  find 
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(a)  the  period  of  Neplune — distance  2791  x  10*  miles  ;    (6)  the 
distance  of  an  asteroid,  the  period  of  which  is  1200  days : 


Pluwl. 

mLuS,2i'^f!^^ 

Pwiodm 
man  sol«  days. 

Venus 
Eaiih 
Mars  - 
Jupiter        - 
Saturn 

360 

92-9 

141S 
483-3 

SS6'0 

88 

36s 
686 
433^ 

'0759 

6.  The  following  table  gives  the  ratio  of  the  strenjiih  of  the 
magnetic  field  due  to  a  short  magnet  at  points  at  varying  distances 
from  either  pole  of  the  magnet,  to  the  strength  of  the  earth's  field. 
Find  how  the  field  varies  with  the  distance  (plot  the  logarithm  of 
the  inverse  ratio  against  the  logarithm  of  the  distance)  : 


Raloc^ft 

■d.o.ha. 

,r„*. 

DisKU 

«.ftom.i,b«P^.. 

3-63 

30  cm. 

0-4S4 

40  cm. 

0240 

SO  cm. 

01 25 

60  cm. 

□  0816 

70  cm. 

6.  The  table  below  gives  the  electrical  resistance  of  1000  yards 
of  platinoid  wire  of  different  diameters-  Draw  a  logarithmic  graph 
connecting  the  resistance  and  diameter;  (a)  what  conclusion  do 
you  deduce  from  it,  (*)  what  is  the  resistance  of  looo  yards  of 
platinoid  wire  of  1  mm.  diameter  ? 


Diameler  in  mm.  ■ 

1.626 

i-iig 

0.914 

0711 

0-559 

0-457 

Resistance  in  ohms  per\ 
1000  yards  length       / 

i8a3 

3206 

87&0 

942-2 

1026 

2280 
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:e  the  risk  of  fire  due  to  electric  lighting  in  a  house, 
a  piece  of  wire  of  fusible  tin  is  fixed  id  a  convenient  position  and 
the  current  passes  through  this  ;  but  if  the  current  becomes  too 
strong,  the  wire  fuses,  and  the  current  is  stopped.  Wires  of  different 
thicknesses  are  used  according  to  the  strength  of  the  greatest 
current  which  can  pass  with  safety. 
The  following  table  gives  the  thicknesses  and  corresponding 


Thickness  in  mm.    0-711 

0-559 

0-457 

0376 

o-3i5|oi74 

0-234 

0-193 

Cuitent  in  amperes     77 

5-35 

3-96 

2-9S 

2-z6  ]  1-84 

1.44 

1.08 

Draw  a  graph  connecting  the  Ic^arithms  of  the  thickness  and 
;urrent.  (a)  Deduce  an  approximate  connexion  between  the  thick- 
less  and  current ;  ( J)  find  the  thickness  of  the  fuse  if  the  current  is 
o  be  not  greater  than  6  amperes  ;  {1:)  what  current  will  just  fuse  a 
wire  of  0-5  mm.  diameter  F 


61.    COMPOUND  INTEREST. 

In  the  examples  on  Simple  Interest,  dealt  with  in  §  48,  the 
principal  is  supposed  to  remain  constant,  so  that  in  equal 
intervals  of  time  equal  amounts  of  interest  accrue. 

In  most  actual  cases,  however,  the  interest  is  componud,  and 
is  added  to  the  principal  at  the  end  of  fixed  intervals  of  time, 
seldom  greater  than  a  year. 

The  following  examples  illustrate  the  more  usual  methods  of 
procedure  in  different  cases  where  the  interest  is  compound  : 

Example  i. —  JV/m/  is  the  Compound  Interest  on  ;£536.  i  zs, 
in  3  J  yrs.  at  4%  per  annum,  the  interest  being  payable  yearly  ? 

^536.  ,2.. -^536.6. 

The  interest  on  this  sum  for  the  first  year  is  at  the  rate  of 
;£4on  every  £\oq;  it  is  therefore  yj^  of  £l>l^-(>  =  £^'i--A^A- 

This  interest  is  added  to  the  principal,  and  the  sum  serves 
as  the  Principal  for  the  second  year. 
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Hence,  the  principal  for  the  second  year  is 

^536-6  +  ;^2  '-464  =  ;£5SS-o64- 
The  interest  for  the  second  year 

The  sum  of  the  interest  for  the  second  year  and  the  principal 
for  the  second  year  serve  as  the  Principal  for  the  third  year. 
Hence,  the  principal  for  the  third  year 

=  ^580-38656. 
The. interest  for  the  third  year  =  ;^23-z  154624. 
The  principal  for  the  next  half  year  =  ;^6o3'6o20224. 

The  interest  for  the  half  year  is  5  x  y^^  of  the  principal,  and 
-■.    =;^i2-o72040448. 

Hence,  the  final  amount  is 
;^6o3-6o20224-(-^i2-07204044S  =  ;^6is-674o62848; 
and  on  subtracting  the  original  principal  £,<,%(i-(i  from  this 
amount,  the  total  interest  is  obtained. 

.'.  the  interest  =  ;^79-o74o62848 

The  method  of  calculation  in  its  more  common  form  is  as 
follows : 

Principal  for  first      year  =  ;£536-6. 

Interest         „  „    =    A2i'464     (multiply  by  0-04). 

_Frincipal  for  second   „    =  ;ii^558-o64     (add  the  4%  interest). 
Interest    ""  „  „    =   ;^22-3226  (work  only  to  nearest 

figure  in  4th  decimal 


Principal  for  third      , 
Interest        „  , 

Principal  for  last  half  , 
Interest         „  , 

Final  amount 
Original  principal 
Interest 


■=;£58''-3866. 
=   ;623-2i55- 

=  ;t603-602I. 

=    i:,  2-0720. 
-;£'6i5-674i. 
=  ;£536-6- 
=   ;fc79-074i 


place). 


(subtract   the   initial 
principal) 
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In  this  example,  the  amount  at  the  end  of  a  full  year 
=  (1-04)  times  the  principal  at  the  beginning  of  the  year;  and 
the  amount  at  the  end  of  the  final  half  year  is  (1-02)  times 
the  principal  at  the  beginning  of  the  year;  accordingly,  the 
final  amount  =  ;£(s36-6)x(i-o4)^x  (i-oz). 

It  is  well  to  put  down  the  expression  for  the  amount  in  this 
form  even  if  the  method  of  evalution  be  as  in  the  example 
above. 

Example  a. — Find  the  Compound  Interest  on  ;^6io.  6j.  in 
^yrs.  at  2\  "f^per  annum,  the  interest  being  payable  quarterly. 

If  the  rate  be  aj  %  per  annum,  then  in  J  year  the  interest 
on  £ioo  will  be  \  of  j£2-$=gQo-62$,  and  the  interest  on  £t 
will  be  ;£ci-oo62s,  so  that  the  amount  at  the  end  of  any 
quarter  =  (principal  at  the  beginning  of  the  quarter)  multiplied^ 
by  1-00625. 

The  amount  (^A)  at  the  end  of  4  years,  or  16  quarters, 

=  ^(6'o-3>'<(r-<>o6='5r- 
Employing  logarithms,  we  obtain 

Ic^{A)  =  1(^6io-3  +  16  log  1-00625 
=  2-7855434  +  1 6(0-0027060) 
=  a-78s.S434  +  o-043Z96o 
-2-8288394; 
■'■   A  =  674-279. 
The  Interest  =  ,7;674-279-;^6io.3 -^63-979 
=  ^63.  19J.  ^d. 
N.B. — Four-figure  logarithms  are  of  little  use  in  the  evalua- 
tions of  examples  on  Compound  Interest ;  seven-figure  tables 
should  be  employed. 

Example  3. — Pind  the  Compound  Interest  on  £tz&-  4f.  in 
4/«.  at  z% per  annum. 

Frequently  it  may  be  convenient  to  draw  up  an  interest  table 
giving  the  amounts  at  the  end  of  various  years,  the  original 
principal  being  supposed  to  be  £,\.  Thus,  in  the  present 
example, 
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£1  at  the  end  of  i  year  becomes  1-03, 

„  „         2  years       „        1-0609  (addo-oj  times  1-03), 

3  "  >.        1-091727    (add  0-O3I827  i.e. 

0-03  times  1-0609), 

4  ..         ..        1-125509    (add  0-032782), 
true  to  the  6th  decimal  place,  though  this  may  not  always  be 
accurate  enough. 

The  Compound  Interest  on  ^j^S.  4s  is  therefore 


(;^736-2){o-i2SS°9) 
=  j^92-4oo 


7J±2 

878563 

3-7653 

07531 


Example  4. —  IVAa/   sum    will   amount    to  £j\z^^-   y-    '" 
"^yrs.  at  i,"/^  per  annum,  Compound  Interest,  payable  yearly  1 
£^\  under  these  conditions  will  amount  to  ;£(i-os)°. 
^t('-os)^  has  resulted  from  the  investment  of  £^\,  and 
;ti389.  3^.  from  the  investment  of  ;^(  1389-15) -f  (i-05)*. 
Therefore  the  sum  required  =  ;£(i  389-15) -ri- 157625 

In  finding  both  the  rate  per  cent,  and  the  time,  logarithms 
are  generally  necessary. 

Example  5. — At  what  rate  per  cent,  per  annum  will  £1 1 00 
amount  to  jQj  202.  151.  ^d.  in  $yrs.,  the  interest  being  compound 
and  payable  half-yearly  1 

If  zr  be  the  nominal  rate  per  annum, 
;^ioo  becomes  ;£(ioo  +  r)  at  the  end  of  one  half  year. 
Hence, 


;£■ 


K^1 

^'-(-■^0' 
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.     /ioo  +  >-y_  i20g-787S^ 

lOo         VV      iioo     / 
The  right-hand  expression  is  then  evaluated  by  logarithms. 


'°8(^)^ 


J(logijoj.7875-logiioo) 

J(3-o8or889- 30413917) 

^(0-0387962) 

o>oo6466o 


whence  '■=15  and  3r=$. 

The  nominal  rate  per  cent  is  3. 

Example  6. — In  what  time  ■wiil  ^^1400  ■  amount  to 
-^.2i'}i.  171.  zd.  al  ^  y^  per  annum,  Compound  Interest,  payable 
yearly  i 

If  t  represent  the  number  of  years, 

£(noo){foSl-£nT~.  IV  id..£2nfSs». 
Employ  logarithms. 

^^  1(^(2171-858) -log  1400 _  3-3368314 -3-1461280 
If^i-os  0-0211893 

0-iQO7o^4 

whence  the  time  is  9  years. 

EZEBOISES  LXXXVII.  a. 
■ental  or  Oral 

Give  expressions  for  the  following  amounts,  the  interest  being 
compound  and  payable  yearly  : 

1.  ^1000  in  3  yrs-,  at  4  %  per  annum. 

2.  ^500  in  3  yrs,,  at  2  %.  3.  ^^500  in  2  yrs.,  at  3  %. 


;dbv  Google 


COMPOUND   INTEREST 


Give  expressions  for  the  following 
compound  and  payable  yearly  : 


4.  £.200 

n  4  yrs.. 

«»J%. 

6. 

£ioo\ 

1  S  yrs.,  a 

t3%. 

6,  iSoo\ 

1  3  yrs.,  a 

ts%. 

7. 

£9001 

a  6  yrs.,  a 

t4%. 

8.  i;7Soi 

0  6i  yrs. 

at  4%. 

9. 

.f.ooi 

n  4i  yrs., 

at  6%. 

10.  £ta>i 

n  10  yrs., 

•t4Z. 

11. 

;£40oi 

a  10  yrs.. 

•tst!;. 

12.  iioit 

n  2j  yrs.. 

at  5%. 

13. 

.«7!oi 

a  3i  yrs.. 

at6X. 

14.   i;.ooo 

in  4  yrs 

,  at  4  Z. 

15. 

£■000 

in4iyrs 

.t4i!;. 

If  the  nominal  rate  per  cent,  per  annum  be  4,  but  the  interest 
be  payable  quarterly,  then  the  rate  per  cent,  per  quarter 
is  I,  and  ^i  becomes  ;£^{i-oi)*  at  the  end  of  a  year;  but 
(i-oi)*=  1-04060401,  so  that  4  %  per  annum  nominal  rate,  the 
interest  being  payable  quarterly,  is  the  same  as  4-060401, 
effective  rate,  payable  yearly. 

EXEBCISES  LXZXVIl  b. 
Hental  at  Oral. 
Give  expressions  for  the  interest  in  the  following  cases  : 
Compound  Interest  on 

1.  ;£SOO  in  3  yrs.,  at  4  %,  payable  half-yearly. 

2.  £yxi  in  3j  yrs.,  at  4  %,  payable  half-yearly, 

3.  .£500  in  3i  yrs.,  at  4  %,  payable  half-yearly. 

4.  ^1000  in  I  yr.,  at  6  %,  payable  monthly. 

5.  £200  in  q  mo.,  at  3  %,  payable  quarterly. 

6.  ;^iooo  in  3  yrs.  4  mo.,  at  3  %,  payable  three  times  a  year. 

7.  ^1200  in  2|  yrs.,  at  6  %,  payable  montfaly. 

8.  ^i  in  9  mo.,  at  4  %i  payable  quarterly. 
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EZEBCISSB  LXZXVn.  c 

1,  Find  the  Compound  Interest  in  the  following  cases  : 

(a)  j^isoo  for  2  yrs.,  at  5  %  per  annum,  payable  yearly. 
(A)  ^80.  7J.  (xl.  for  4  yrs.,  at  4  %,  „ 

(c)  ^318.  15J.  for  2  yrs.,  at  3  %,  „ 

(rf)  £506.  8j.  for  3  yrs.,  at  2^  %,  „ 

W  £700  for  2^  yrs.,  at  4  %, 
(/)  £1986.  I2J.  for  2  yrs.,  at  3J  %, 
Cf)  £y2\%.  IS.  bd.  for  5  yrs.,  at  24  %,  „ 

(A)  ^830.  I4t.  for  3  yrs.  3  mo.,  at  3  %,  „ 

(0  ^38,626.  &.  6rf.  for  si  yrs,,  at  5  %, 

2,  Find  the  effective  rate,  when  the  nominal  laie  per  annum  is 
is  follows  ; 

(a)  4  %,  payable  half-yearly,    (i)  4  %,  payable  monthly. 
ic)  6  5^,  payable  monthly.       (rf)  6  %,  payable  half-yearly. 

3,  Draw  up  a  set  of  Interest  tables,  showing  the  sums  of  money 


to  which  £\  would  amount  in  I,  2  , 

...  10  yrs.,  at 

W  I  %,         (*)  li  %, 

W  2  %, 

(rf)2i%. 

(«)  3  %,          {/)  4  %. 

(i-)  5  %, 

Compound  Interest,  payable  yearly. 

State  the  am 

iwers  true  to  the 

7th  decimal  place. 

4.   Employ  the  tables  drawn  u 

ip  in  Ex.  3, 

to  calculate  the 

(<*)  .f  350  '"  2  yrs.,  at  4  %  per  annum,  payable  half-yearly. 
(A)  j^44c  7*.  6ii  in  ij  yrs.,  at  5  %,  payable  quarterly. 
W  .£i53'  I2''-  in  3  yrs.,  at  J  %,  payable  half-yearly, 
(rf)  ^1080  in  4  yrs.,  at  2  %,  payable  half-yearly. 
(<)  .^2356.  I2J.  in  2  yrs.,  at  10  %,  payable  quarterly, 
(/)  .£1875  in  5  ys.,  at  4  %,  payable  half  yearly. 
C^)  ^366  in  2  yrs.  3  mo.,  at  4  %,  payable  quarterly. 
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EXERCISES  LXXXVn.  d. 

1.  In  what  time  will  /306  amount  to  ^372-  7-t-  9^-,  ai  4  %  per 
annum,  compound  interest,  payable  yearly  ? 

2.  The  sum  of  ^5200  was  invested  by  the  trustees  of  an  orphan 
when  he  was  13  yrs.  old.  When  the  orphan  became  of  age  (21) 
the  sum  had  amounted  to  ifiyyi-  4^-  9^-  What  was  the  rate  of 
interest,  payable  yearly? 

3.  At  what  rate  per  cent,  per  annum,  compound  interest, 
payable  half-yearly,  will  ^333.  6j.  8rf.  amount  to  ;^375-  7J.  9^.  in 
3ys.? 

4.  Find  the  sum  of  tnoney  which  will  amount  to  ;£i292.  5J.  ^d. 
in  3  yrs.,  at  24  %  per  annum,  compound  interest,  payable  yearly. 

5.  What  sum  of  money,  invested  at  2  %  per  annum,  compound 
interest,  at  the  birth  of  a  boy,  would  amount  to  ^jooo  when  the 
boy  attained  the  age  of  25  years  ? 

6.  In  what  time  will  ^1300  amount  to  ^1436.  as.  i4-,  at  4  %  per 
annum,  compound  interest,  payable  quarterly  ? 

7.  Employ  logarithmic  tables  to  find  the  effective  rate  of 
interest,  if  the  nominal  rate  be  i  %  per  annum,  but  payable  at 
equal  periods. 

{d)  10  times  a  year,    {b)  50  times  a  year,     (1:)  100  times  a  year. 

N.B.—liio\x  that  the  rates  are  all  very  nearly  the  same.  The 
answers  approximate  to  what  the  effective  rate  would  be,  if  the  turn 
over  was  immediate. 

8.  Employ  logarithms  to  calculate  what  the  effective  rate  would 
be  if  the  nominal  rate  was  5  %,  payable  at  the  same  intervals  as  in 
Ex.7. 

The  Oompound  Interest  Law.     Oeometric  Progression. 

If  a  sum  of  money,  say  ^^65,  be  put  out  at  Compound 
Interest— for  example  5  per  cent.,  payable  yearly — the  amounts 
at  the  end  of  various  years  would  be  as  follows : 
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Amount  £6$  (originally)  becomes  at  the  end  of  the 
ist  yr.  and  yr.  3rd  yr.  4th  yr. 

;^65(i.os),  ;^6s(i-os)«,  £65(1-05)',  £6 5 {1-05)*,  etc, 
where  it  is  seen  that  the  amount  at  the  end  of  any  year  is 
equal  to  the  amount  at  the  end  of  the  preceding  year  multi- 
plied by  a  constant  factor,  1-05. 

A  series  of  terms  of  this  kind  is  said  to  constitute  a 
Qeometric  ProgreBsion. 

The  following  examples  illustrate  the  various  processes 
employed  in  connexion  with  such  series  ; 

Example  i. — /iW  /Af  n/A  term  of  tht  series  in  geometric 
professions  o/wktck  the  first  ^ve  terms  are  3,  6,  12,  24,  48. 
In  this  series  the  ist  term  is  3, 

2nd        „      3x3, 
3rd         „      6  X  3  or  3  X  2^ 
4th         „      13  X  3  or  3  X  3* 
and  gth        „      34  x  j  or  3  x  2*, 

and  so  on  generally ;  the  loth  for  example  would  be  3  x  z'o-i. 
„    "th        „  „       3X.-'. 

Example  2. — A  person  possesses  an  annuity  of  £^&  a  year, 
for  I  o  years,  payable  quarterly,  the  first  payment  being  made  in 
I  quartet's  tinu.  What  is  the  present  value  of  such  an  annuity, 
at  Compound  Interest,  reckoned  at  j,"/^  per  annum,  and  also 
payable  quarterly  ? 

Here,  a  sum  of  money  is  to  be  found  which  would  be  the 
fair  equivalent  of  the  40  payments. 

But,  j£i  paid  now  would  amount  to  £it-oo-j5)  in  3  months' 
timei  and 
a  payment  of  £1  in  3  months'  time  would  be  the  equivalent  of 

£ now;  while 

a  payment  of  £1  in  6  months'  time  would  be  the  equivalent 


now;  and 
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the  present  value  in  ^^  of  the  40  payments  of  ;^ia  would  be 

+ , ^  +  / T«  +  ■  ■  ■  >  ■   ■      ..n  =  P  (say), 

1-0075     (roo7s)«     {I-0O75)*         {i'0075)«        ^    '" 

constituting  a  Geometric  Prt^ression,  with as  the  con- 

gt&nt  ratio  or  fiictor.  i'0075 

Multiply  by ,  that  is,  by  the  constant  factor  or  ratio. 

1-0075 
Then 


(^^^°7SP{t-oo75)»"  ■-(1-0075)"     (i'007S)" 
Subtract  this  from  the  series  for  P. 


1-0075     (1-0075)"  1-0075' 

.-.   P(o.oo75)=ia-^-^i^.    (i) 

But  lt«77;^j3Ti-o  =  log  '2  -4olog(i-oo75) 

=  1-0791813  -40(0-0032451)=  1-0791813  -  0129804 
-0-949377 
=  log  8-89974; 

■'■  (1-0075)*°"^'^^^"'  ^^ 
.-.   from  (0  p^i^-8-89974^3:Igg^^  68 

The  present  value  is  -'.  ;£4i3-  7.<-  ^d. 

Example  3. — A  man  puts  6y  the  sum  of  £^^0  every  year  at 
3%  Compound  Interest,  payable  yearly;  what  will  be  the 
accumulated  sum  iust  be/ore  the  zist  payment  i 

The  first  ;^5o  accumulates  interest  for  20  yrs.,  and  there- 
fore eventually  amounts  to  £$°ii'0'^^. 

The  second  £$0  accumulates  interest  for  19  yrs-,  and 
therefore  amounts  lo  ;£5o(i-o3)"*. 


Dgitiz^dbv  Google 


4*4  A   MODERN   ARITHMETIC 

The  last  £$o  accumulates  interest  for  i  yr.,  and  amounts 
tO;^5o(i-o3). 

The  accumulated  sum  in  £  is  therefore 

5o(ro3)  +  5o(i-o3)2  +  ...So(i-o3r  =  S(say). 
Multiply  by  (1-03),  the  constant  ratio,  and  subtract,  as  in  the 
last  example : 

■■■    5°('-o3)"-5o(i-o3)  =  S(o-o3)- 
Employ  It^rithms,  and  (103)'*'  is  found  to  be  1-86029, 

Whence,  q^S^Ms^^^ 

0-03 
The  accumulated  sum  =  ;^t383.  16s.  od.  approx. 

Example  4, —  TTie  population  of  the  City  of  London  ivas 
37702  in  1891  and  26923  in  1901.  If  the  rate  of  change  per 
1000  per  year  remained  constant,  what  would  you  expect  the 
population  to  be  in  1906? 

Suppose  the  population  at  the  end  of  a  year  =  population  at 
the  beginning  of  tlie  year  multiplied  by  a  factor  x.     Then 
the  population  26923  =  (37702)*^*; 
the  estimated  population  in  i9o6  =  {26923)jc^ 

=  (^6923){'-^r^(26923)(^'  =  ^ 

"^  ^'(3770;)  ^ '"\^n<^i)     (37702)^ 

=  P  (say). 
Employ  logarithms. 

logP  =  |log  26923-^  log  37702 
=  6-6451852-2.2881822 
'=4-3S7o<53o 
=  log  22751. 

Estimated  population  is  22751. 

Example  5, — Find  the  sum  of  an  infinitely  large  number  of 
terms  of  the  series  2-i-f  +  |  +  ^+...  - 

Let  s  be  the  sum. 
i=2+|-l-^  +  j*y+  ...  for  an  infinitely  great  number  of  terms. 

Multiply  by  the  constant  factor  \. 
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yi  =  f +  §  + jrT+ ■-■  for  31)  infinitely  great  number  of  terms; 
but  the  end  terms  become  indefinitely  small,  whence  on 
subtraction  _j  _  1  c  =  ,  - 


Example  6. — Convert  0-365  into  a  vulgar  fraction. 
0-365  =  0-365  +  0-000365  +  0-000000365 

+  0-000000000365  +  .. 

=  0-000365  +  0-000000365 

+  0-000000000365  +  , . 
subtract  (o-365)(i  -7^)  =  o-365  ! 

■*  *     999 


EXEBOISES  LXXXVU.  e. 

1.  Express  the  following  recurring  decimals  as  series  in 
Geometric  Progression,  and  hence  calculate  the  decimals  as 
equivalent  vulgar  fractions  : 

(«)o-4i  {*)  0-123;  W  2-236. 

2.  Calculate  the  present  value  of 

{a)  £ioq.  SJ.  sJrf.,  due  3  years  hence,  at  3  %  per  annum, 

compound  interest,  payable  yearly. 
C*)  .£763.  7s.  Brf.,  due  20  years  hence,  at  4  %  per  annum, 

compound  interest,  payable  yearly. 

3.  Verify  the  entries  in  the  table  at  the  end  of  the  book  of 
present  values  in  the  following  cases  : 

(a)  By  direct  calculation,  for 

(i)  £'  in  3  yfs.,  at  3  %,  payable  yearly. 
(ii)  £1  in  4  yrs.,  at  5  %,        „ 
(iii)£.in6yrs.,at4%,        „ 
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{b)  By  the  use  of  logarithms  : 

(i)  ^i  in  15  yrs.,  at  2^  %,  payable  yearly. 
(ii)^iin2oyrs.,at3i%,        „         „ 
(iii)  £1  in  30  yrs.,  at  4^  %,        „         „ 
[c)  Assuming  the  truth  of  the  entries,  as  verified  in  {6), 
prove  the  truth  of  the  entries  corresponding  to 
(i);j;iini6yrs.,at2i%- 
(ii)  £t  in  21  yrs.,  at  3^%. 
(iii)  ^1  in  31  yrs.,  at  4  %■ 
^   Evaluate  the  present  value  of  the  following  annuities,  the 
first  payment  being  made  at  the  end  of  the  first  year  : 
(a)  £100  for  10  yrs.,  reckoning  compound  interest  at  3%  per  annum. 
(*)  £250  „    14  „  „  „  4% 

(c)  £So    „     7  .,  „  „  2i  %       „ 

(^/i20  „    16  „  „  „  3%        „ 

5.  A  steel  ball,  allowed  to  bounce  vertically,  rises  to  heights 
which  gradually  decrease  in  such  a  way  that  the  height  in  any  one 
bounce  is  80%  of  the  height  in  the  preceding  bounce.  What  is 
the  height  of  the  5th  bounce,  if  the  ball  be  lirst  thrown  up  to 
a  height  of  6  ft.  ?  Find  also  the  total  distance  moved  through 
before  finally  stopping. 

6.  A  ball  bounces  as  in  Ex.  5,  but  so  that  the  height  of  any 
bounce  is  a  certain  multiple  {x)  of  the  height  of  the  bounce 
immediately  before.  It  rises  to  a  height  of  2.4  metres  when 
first  thrown  up,  and  moves  through  a  total  distance  of  16  metres 
before  coming  to  rest.     Find  x. 

7.  When  a  rope  is  coiled  round  a  post,  a  person  exerting  a 
small  pull  on  one  end  can  withstand  a  much  greater  pull  at  the 
other  end,  the  pull  decreasing,  according  to  the  compound  interest 
law,  with  the  number  of  turns  of  the  rope. 

If,  when  the  rope  is  coiled  once  round  the  post,  a  pull,  equal  to 
the  weight  of  I  lb.,  can  withstand  a  pull  of  16  lb.,  find  the  pull 
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Dccessary  to  withstand  a  pull  of  16  tons,  if  the  rope  be  coiled 
4  times  round  Che  post. 
State  the  answer  true  to  3  significant  figures. 

8.  When  tight  passes  through  glass,  a  certain  fraction  of  the 
light  falling  upHDn  the  glass  passes  through  ;  this  fraction  varies 
with  the  thickness  of  the  glass  according  to  the  compound  interest 

A  certain  piece  of  glass,  i  mm.  thick,  allows  95  %  of  the  light  to 
pass  through  ;  if  the  thickness  be  doubled,  only  (o>9s)'  of  the  light 
passes  through.  How  much  of  the  light  will  be  transmitted  by  a 
plale  2.5  cm.  thick? 

9.  If^i  be  put  by  yearly  at  3%,  compound  interest,  payable 
yearly,  then  n  contributions  will  amount  to 

H-i-03+(i-03)»+(i03)»+CiK)3)'+...  +  (i<.3)"-> 
directly  the  last  contribution  is  paid. 

Find  the  amount  when  n  is  successively  (a)  3,  (6)  4,  (c)  5. 

10.  Verify  (using  logarithms)  the  entries  in  Ihe  table  at  the  end 
of  the  book,  giving  the  amounts  in  different  times  of  yearly  contri- 
butions of  ^1,  in  the  case  where  the  number  of  contributions  is  20 
and  the  rates  of  interest  (a)  2.5  % ,  (/)  4  % ,  (c)  S  %  ■ 

11.  A  colliery  is  estimated  to  yield  an  income  for  30  yrs.,  and 
the  purchase  money  is  ^S4,93o.  What  sum  of  money  should 
be  put  annually  on  one  side,  so  as  to  redeem  the  purchase  money 
at  the  end  of  30  yrs.,  reckoning  compound  interest  at  3  %  per  annum, 
payable  yearly  ? 

12.  A  person  put  aside  ^20  yearly  for  his  son,  beginning  at 
birth.  What  amount  was  due  to  the  son  on  his  2rst  birthday 
(including  the  2Znd  instalment)  ?  Assume  that  the  money  accumu- 
lated at  compound  interest,  at  4  %  ]>er  annum. 

13.  What  annuity  should  be  paid  for  16  yrs.  for  ^100  paid  now, 
the  first  payment  to  be  made  in  i  year's  time,  and  afterwards  in 
yearly    payments,    reckoning    compound    interest    at    2'5  %    per 
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14.  A  man,  when  30  years  old,  puts  by  ^40.  4J,  every  year, 
which  sum  accumulates  at  4  %  compound  interest  What  annuity 
coutd  he  buy  with  the  accumulated  proceeds  when  35  yrs.  old,  if, 
at  that  age,  he  can  obtain  an  annuity  of  £S  on  payment  of 

^100? 


16.  A  loan  of  ^1000  can  be  repaid  in  5  years,  together  with  its 
interest  at  4  %  per  annum  convertible  half-yearly,  by  10  equal 
half-yearly  payments  of  ^i 1 1.  6j.  6^^.  (or  more  exactly  ^i  1 1-32653). 
Construct  and  complete  a  table  as  indicateiJ  below,  showing  the 
amounts  of  principal  and  interest  contained  respectively  in  each 
half-yearly  repayment : 


H>jr-yar. 

Prindpil 

'?r 

Principal  in  £  reiaid  in  ^h  Half- 
yearly  Repayment  (/.(.  diffcmnce 
bet**™  Int.™  and  RtpayraentX 

. 

,000 

20 

91-327  (/^.  111-327-20) 

2 

1000-91-327 

U\e.  908-673) 

18..74 

93-153  ((.A  111-327-18-174) 

3 

4 

? 

5 

f 

6 

7 

8 

9 

10 

■ 

109-144 

Total  looo-oo 
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16.  A  certain  insurance  company  will  pay  ^100  at  Ihe  end  of 
the  given  term  of  years  for  a  single  or  annual  premium  as  given  by 
the  following  table : 

Premium. 

To  insure  the  return  of  ^100  at  the 
expiration  of  a  given  term  of  years. 

Draw  a  graph  showing 
the  change  of  premium 
with  the  lime.  Show  that 
the  single  premiums  are 
not  calculated  strictly 
accordingly  to  the  Com- 
pound Interest  Law. 


Temuof 
Years. 

Prnilmni. 

P^i:^ 

10 

9     3    8 

4  6  % 

20 

3  18     5 

58     S     8 

30 

244 

43     7     S 

40 

I     8    0 

32     S     5 

SO 

0  18    9 

24    0    3 

60 

0  12  II 

17  17    4 

70 

0     9      2 

13     5  n 

99 

037 

S  12  II 

EXERCISES  LZXXVn.  t 


[Apparatus :  Weight.  String.  Support.  Scale.  Class  marble. 
Graduated  paper  circle."] 

1,  Suspend  a  heavy  weight  by  two  strings  of  the  same  length 
(about  6  ft.  or  more)  to  two  hooks  about  2  ft,  apart.  Fix  a  pointer 
to  the  weight  and  arrange  a  metre  scale  beneath,  so  that  when  the 
weight  is  allowed,  to  swing,  the  pointer  moves  in  front  of  the  scale. 

Note  the  extent  of,  say,  50  successive  swings  on  the  same  side  ; 
determine  the  law  according  to  which  the  swings  die  away. 

(This  is  best  done  by  a  graph  of  the  logarithms  of  the  successive 
swings.) 

2.  Allow  a  glass  marble  to  fall  upon  a  stone  slab  ;  it  rebounds  ; 
alter  the  distance  through  which  it  falls  until  the  height  of  the 
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rebound  is  a  definite,  convenient  amount  (say  2  ft).     Find  the 
ratio  between  the  height  of  the  rebound  and  the  original  fall. 
Similarly,  obtain  the  ratio  of  the  height  of  the  second  rebound  to 
the  original  fall,  and  so  on. 
Arrange  these  ratios  in  a  series,  and  determine  its  character. 

3.  Attach  a  weight  with  horizontal  pointer  to  a  support  by 
means  of  a  wire  or  fine  thread  ;  underneath  the  pointer  fix  a 
horizontal  graduated  circle  ;  as  the  thread  twists  and  untwists  the 
arrangement  will  oscillate.  Measure  the  'sizes'  of  the  successive 
oscillations,  and  determine  the  law  according  to  which  they 
decrease. 


EXEBOZS^   LZZZVn.  g. 


1,  In  pumping  out  the  air  from  a  vessel  by  means  of  an  air- 
pump  of  the  Hawksbee  type,  the  amount  of  air  in  the  vessel 
decreases  with  the  number  of  strokes  according  to  the  compound 
interest  law.  The  initial  amount  of  air  is  oiz  gr,,  and  after  the 
first  stroke  the  amount  is  only  0-096  gr.  Draw  a  graph  showing 
how  (ii)  the  amount  changes  with  the  number  of  strokes ;  (6)  the 
logarithm  of  the  amount  changes  with  the  logarithm  of  the  number 
of  strokes. 

Find  (c)  when  the  amount  present  will  only  be  O'ooi  gr. 

2.  Use  the  tables  at  the  end  of  the  book  to  draw  a  graph 
showing  the  sum  to  which  yearly  payments  of  £l  will  amount 
b  different  limes  »t  {a)  2J  %  >  «  3  %  i  W  4  %  !  W  S  Z,  com. 
pound  interest  payable  yearly. 

Employ  the  graphs  to  find  : 

(e)  The  time  in  which  the  yearly  payment  of  j^l  at  3%  will 
amount  to  £50- 

(/)  The  amount  after  18  yearly  payments  of  £1  at  3  %. 

(£)  The  time  when  the  amount  at  5  %  is  twice  as  much  as  the 
amount  at  2i%. 
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3.  In  an  elecirical  experiment,  the  discharge  from  a  condenser 
through  a  galvanometer  gave  an  initial  throw  or  deflexion  of 
330  divisions  ;  the  deflexion  gradually  died  away  according  10  the 
compound  interest  law  and  (he  I5lh  deflexion  was  only  130 
divisions.  Draw  a  graph  connecting  the  extent  of  the  deflexion 
with  the  order  of  the  deflexion  (use  logarithms).  What  was  the 
amplitude  of  the  loth  deflexion? 

4.  Draw  a  graph  showing  the  present  value  of  an  annuity 
of  Ix  a  year  at  (d)  2^%;  (/>)  3%  ;  (c)  4  %  :  (rf)  5  %■  Use  the 
isbles  at  the  end  of  the  book.  Employ  your  graph  to  calculate 
{e)  the  value  of  an  annuity  of  £i  for  12  years  at  aj  %  ;  (/>  the 
duration  of  an  annuity  of  ^i,  bought  for  £i6,  interest  2J  %. 

5.  Draw  a  graph  showing  the  present  value  of  an  annuity 
of  £^  a  year  for  11  years  as  the  rate  per  cent,  changes  from 
H  %  lo  5  %■ 


Rate,    - 

'i% 

3  7. 

31  X 

4% 

4U 

SX 

Present  valne, 

9514 

9252 

9002 

876. 

8529 

8301 

What  is  (<j)  the  present  value  of  the  above  annuity  at  3^  %  ; 
{b)  the  rate  per  cent,  if  the  present  value  is  8  guineas  ? 

6.  For  how  many  years  must  a  man  put  by  a  certain  sum 
yearly  in  order  to  obtain  afterwards  an  annuity  of  double  that 
sum  for  the  same  number  of  years,  the  rate  per  cent,  being  (<j)  4  %, 
(^)  s  %.  (Find  the  intersection  of  a  graph  showing  the  present 
value  of  £i  yearly  for  1,  2,  3,  ...  years,  and  a  graph  showing  the 
difierence  between  the  present  value  of  £2  for  I  and  2  years, 
2  and  4  years,  3  and  6  years  and  so  on.) 

7.  Draw  a  graph  showing  how  the  present  value  of  ^to  varies 
with  the  time,  the  rate  of  interest  being  5  %  ;  on  the  same  piece  of 
paper  and  to  the  same  scale  draw  also  a  graph  showing  how  the 
present  vajue  of  yearly  payments  of  ^i  varies  with  the  time.  Find 
the  point  of  intersection  of  the  two,  and  hence  find  how  many 
payments  of  £1  yearly  are  the  equivalent  of  a  payment  of  ^10  at 
the  end  of  the  time. 
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8.  From  a  man  A,  a  bank  receives  ^looo  on  deposit  at  2^  % 
payable  yearly.  The  bank,  however,  lends  this  ^looo  to  B  at  ;  % 
payable  yearly.  The  interest  received  by  the  bank  can  also  yield 
S  %  payable  yearly.  Find  when  ihe  bank  can  repay  the  ^1000  to  A, 
together  with  the  accumulated  interest,  and  still  have  the  ^looo  to 
its  credit  on  account  of  the  loan  to  B. 

(Draw  a  graph  showing  the  amount  of  .£^1000  at  various  times 
at  zj  %,  also  a  graph  showing  Che  amount  on  account  of  yearly 
payments  of  ^50  at  5  % .     Find  the  point  of  intersection.) 

9.  The  table  below  gives  the  number  of  years'  purchase  of  a 
lease  as  the  duration  of  the  lease  changes,  if  the  rate  of  interest  be 
assumed  at  to%. 

Find  (a)  the  years'  purchase  if  the  duration  be  1 1  years, 
(6)  the  duration  if  the  years'  purchase  be  3. 


Years'  duration       24 

.0 

16 

.. 

8 

4 

I 

Years'  purchase       9 

8-S 

7-8 

6'S 

5-34 

3-2 

0-91 

62.    THE  AREA  OF  A  TRIANGLE. 

It  has  already  been  seen  that  tta  aro»  of  a  trlanelB  la  eqiul 
to  bail  the  pTOdnot  of  tb«  "[etsgOt  of  its  bass  and  Its  altttnds.      The 

area  can  also  be  calculated  when  the  lengths  of  the  three  sides 
are  given. 

Example  r. — J-i'nd  the  area  of  a  triangle  ABC  of  which  the 
sides  AB,  BC,  CA  are  26,  42  and  40  unils  nf  length  resfecti^jely. 

In  Fig.  78  let  AD  be  at  right  angles  to  BC,  O  the  middle 
point  of  BC. 

AB«  =  BD*  +  AD«, 
A02  =  CD=  +  AD=; 
.-.    AC^  -  AB^  =  CD^  -  BD'i. 
But  (CD  -  BD)(CD  +  BD)  =  2 (OD) (CB). 
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and  BD  =  BO  -  DO 

Since  AD^  =  AB^ 
triangle 


and  the  area  of  the 


In  this  example  CD^  -  DB*-4o2- 

and  2BC.OD=2{42)(OD); 


,   0D  = 
BD  = 


md  the  a 


AD«- 

=  ix24x 


16"- 


.   AD  =  24, 


-36X 

=  504  units. 

In  a  great  many  cases  application  is  made  of  the  fact,  that 
the  areas  of  elmllar  trl&nglea  (i.e.  triangles  of  the  same  shape) 
are  proparUonal  to  tbe  BqnareB  of  their  oorrespoiuUns  sldea.     (Exer- 

ExAMPLE  2.— ABC  is  a  triangle, 
and  /he  portions  ADE,  CFG,  BHI  are 
cut  off;   DE  being  parallel  i 


FG 


AB. 
AC, 


,^AB  is  7  ill.,  BC  6  in.,  CA  8 
and  if  AD  is  i  in.,  Bl  2  in.,  CF  i  in., 
w^l  fraction  is  the  area  of  the 
remaining  portion  DEFGHI  of  the 
whale  area  ABC? 

Since  AD=i  in.  and  AB=7  in. 
and  the  triangles  ADE,  ABC  are  of 

the    same  shape,   the  area  of  ADE' 

;.M.A.  2  E 


i  of  the  area  of  ABC. 
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Similarly,  the  area  of  BIH  =^  of  the  area  of  ABC. 
„        OFG.i       „ 

/I         2*        I  \ 

The  area  of  the  three  triangles  together  =  (-5 +  -5  +  -^)  of 
;he  area  of  ABC.  ^^       7      »  / 

Hence  DEFGHI  has  an  area  of  i  -  -^-^  of  the  whole  triangle 


EZEBOISES  LXXXVm. 

ABC  is  a  triangle,  D  the  foot  of  the  perpendicular  from  A  to  BC, 
O  the  middle  point  of  BC. 

Calculate  (a)  OD,  (#)  AD,  (c)  the  area  of  the  triangle  ABC  in  the 
following  cases  (the  lengths  are  given  in  inches) : 
;=  57,    CA=68, 


1.   AB= 


:I76, 


AB=*,  BC  =  u,  CA=*.  10.   AB= 


,  BC=a,  CA= 


11.  The  area  of  a  triangle  ABC  is  5000  sq.  in.,  the  base  BC  is 
100  in.,  the  side  AB  is  125  in. ;  calculate  the  length  of  the  side  AC 
to  the  nearest  inch. 

12.  If  in  the  preceding  exercise  the  area=2730  sq.  in.,  BC-91 
in.,  AB=6i  in.,  find  the  value  of  AC. 

13.  Let  the  sides  of  a  triangle  ABC  be  represented  by  BC=a, 
CA=i,  AB=c,  and  let  AD  be  the  perpendicular  drawn  from  A  to 
BC,  and  O  the  middle  point  of  BC. 
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C.i.)ABO.{*---<f,-"-^-'-}*. 
Also  show  that  the  last  expression 

This  last  formula  is  suitable  for  Ic^arithmic  computation. 

14.  Apply  the  expression  developed  in  the  preceding  ■ 
to  the  calculation  (true  to  four  significant  figures)  of  the  area  of 
the  triangles,  the  sides  of  which  are  respectively  : 

(a)  a>3,  218,  324.       W  9602,  89.3,  S3,      (c)  825-4,  1018,  918-2. 
(-0  93-7,  I35i  "41.      (e)  671,  528,  609.      (/)  42-3,  59.3,  37-6. 
<£■)  972,  971,  63-2.     (A)  361,  258,  372.       (/)  J096,  1342.  1723- 
U)  IS62>  437.  1485-  (^)  2374,  1836,  1972.  (/)  692,  347,  560. 

15.  ABC  is  a  triangle,  D  and  E  two  points  on  AB  and  AC  respec- 
tively, such  that  AD-^AB=AE-^AC.  Find  the  ratio  of  the  portions 
into  which  the  triangle  is  divided  by  DE  when 

^  i,  M  !,  (J)  !,  H  I  (J)  3  (,)  4,  (/)  £,  ie)  I. 

16.  ABCisatriangle,  such  that  BC=ioin.,  CA^ii  in.,  AB=t2in. 
DEF  are  points  on  BC,  CA,  AB  respectively,  such  that  BD=3  in., 
CE=4in.,  AF=5  in. 

Calculate  the  areas  of  the  triangles 

(a)  BDF,  {6)  CDE,  (_c)  AFE,  (rf)  DEF 
in  terms  of  that  of  the  triangle  ABC. 

17.  In  a  triangle  ABC,  BC=I3  in.,  CA=I5  in.,  AB=i6  in.  DE 
is  a  line  parallel  to  BC,  dividing  the  triangle  ABC  into  two  equal 
parts  and  meeting  AB,  AC,  at  D  and  E  respectively:  find  the 
length  of  AD  true  to  3  significant  figures. 
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63.    BILLS  OF  EXCHANGE  AND  BANKER'S 
DISCOUNT. 

Debts  are  frequently  cancelled  by  means  of  Bills  of 
Exchange.  A  bill  of  exchange  may  be  drawn  up  in  the 
following  fashion : 


London, 

ith  March,   1905. 

£S15-  iw- 

Taienty-fim  days 

after  date  pay 

to  the 

order  of  Mr. 

A.    B.    the  sum 

of  JTiree   Hundred         1 

and     Seventy-five     Pounds     Ten     ShtUings, 

value 

received. 

C. 

D. 

Mr.  E.  F. 

Sheffield. 

Such  a  bill  would  be  drawn  by  C.  D.  and  acceiited  by  E.  F., 
who  would  write  his  acceptance  across  the  bill,  while  A.  B. 
is  the  payee. 

Once  the  bill  has  been  accepted,  it  becomes  negotiable,  and 
may  pass  through  several  hands  before  being  presented  finally 
at  a  Bank.  If  presented  before  the  date  of  maturity,  ti^ether 
with  three  days  of  Grace  {i.e.  13th  March  +  25  days  +  3  days), 
i.e.  April  loCh,  the  banker  deducts  an  amount  of  Dlsconnt, 
calculated  in  the  same  manner  as  ordinary  interest  on  tiie 
number  of  days,  through  which  the  hill  has  still  to  nm. 

Thus,  in  the  above  example,  if  the  rate  of  discounting  be 
3%,  and  if  the  bill  be  discounted  on  March  31st,  that  is 
10  days  before  April  10,  the  banker  deducts 

The  Banker's  Discount  is  therefore  f>s.  2d. 
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Find  the  Banker's  discount  on  the  following  bills  (3  days'  Grace 
:o  be  included) : 


Bill  (or 

M..uH^o„ 

Dauof 

Rale'/^ 

^890.  j-zs.  bd. 

May  4,  190s 

April  3,  1905 

3 

^1896-  los. 

3  mo.  from  April  1 7, 
1905 

June  t8,  1905 

3 

^3  5a  17 J.  td. 

June  10,  1906 

June  .,  ,906 

2i 

^3864 

6  mo.  from  April  3, 
6  1110.  from  Feb.  2, 

June  10, 1906 

4 

jf7876.  5s- 

May  8,  1906 

3l 

1906 

^'750 

March  10,  1904 

Feb.  3,  1904 

4 

^387.  i7s  6rf. 

March  12,  1904 

Feb.  16,  1904 

4i 

£2750 

6  wks.  from  Ap.  3, 
1904 

Mar.  28, 1904 

3* 

^.568 

Sept.  15,  190s 

Sept.  1,  1905 

^1 

^18,763 

Oct.  14,  1905 

Sept.  29, 1905 

4       1 

^1266.  ly.  4^. 

Dec.  11,  1905 

Dec.  1,  7905 

3i  i 

^836.  17J.  6rf. 

Dec.  23,  1905 

Dec.  10, 1905 

2| 

£945'-  I2s.  6d. 

Nov.  26,  1904 

Nov.  23, 1904 

3 

^86-5 

4  wks.  from  Ap.  15, 
1905 

April  1,  1905 

4 

£1020- us.^. 

July  28,  1906 

July  3,  1906 

3 

/1237.8J.  4rf. 

Aug.  3,  1906 

July  I,  1906 

3t 

^'193-  1^.6^ 

70  days  from  July  2, 

1906 
2SdaysfromMay  2, 

Sept.  I,  1906 

4 

^8765 

May  15, 1905 

2|. 

1906 

^9876 

4  mo.  from  Dec.  4, 
1904 

Jan.  24,  1905 

4i 

jf2i9.  izj.  3^. 

5  mo.  from  Aug.  i, 
1904 

Nov.  I,  1904 

3 

;dbv  Google 


438 
Find  the  h 


A  MODERN   ARITHMETIC 
s  missing  from  the  following  tables  : 


BLIL 

SA. 

p.DjMof 

Banka's 
Discouni. 

v.. 

^376 

April  3,  1906 

? 

^3-  ly.  2K 

s 

? 

July  28,  1905 

July  10,  1905 

£1.  5s.  2^. 

2i 

? 

May  30,  1904 

Mar.21,1904 

£8.  isr. 

3i 

/.200 

? 

June  1.  1905 

£2.  igs.  9irf. 

^3 

^3750 

Sept.  17,  1905 

? 

£1.  lu,  9^. 

2i 

£1872.  IC 

s. 

Aug.  18,  1906 

Aug.  1,  1905 

£4.  13^.  bd. 

? 

^4015 

Oct.  10, 1905 

Aug.  31,  1905 

/■4.  3^-  9K 

? 

£456.  s^- 

July  28,  1905 

? 

^0.  i&.  9^, 

2i 

£6oS.6i. 

id. 

? 

Feb.  26,  1905 

£i.%s. 

3i 

^406.  131.  4d. 

Jan.  26,  1905 

? 

£0.  ly. 

4i 

^50..  .7^ 

6d. 

May  22,  1905 

May  I,  1905 

£0.  161.  6rf. 

64    CALCULATION  OF  AREAS  {contittued). 
Conical  Surfoces. 

Suppose  AOB  represents  a  sector  of  a  circle  {i.e.  an  area 
bounded  by  the  circular  arc  AB  and  the  two  radii  DA  and  OB). 


Its  area-^OA  (length  of  arc  AB). 

Wrap  up  the   surface  so  that  AB 
becomes  the  circumference  of  a  circle 

and  AO  coincides  with  BO.    The  surface  now  becomes  Conical, 
and  it  is  clear  that 
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Th«  cnrred  snr&M  of  tbe  cone^area  of  ttie  seotor, 
and.-.  „  ,,  =i(Bl8iit  edsaXcircniiiftrBiiceiM 

.',    If  A   be   the   distance 

between  the  apex  O  and  the 

centre  c  of  the  base  (Fig.  81), 

r=  the  radius  of  the  base 

and    /=  the  slant  edge. 

The  area  of  a  cone 


In.  dealing  with  frusta  of  a 
cone  the  principle  of. similar 
figures  can  often  be  used. 

(The  frustnm  of  a  cone  is 
the  part  between  the  base  and 
a  plane  parallel  to  the  base.) 

If  a  frustum  of  a  cone  be 
unwrapped,  it  will  be  seen 
that  the  curved  surface  is  the 
difference  between  the  areas 
of  two  similar  circular  sectors 
(Fig.  82). 

If  n  be  the  number  of 
degrees  formed  by  the  two 
bounding  radii  of  the  sector 
and  Lj  and  L^  the  radii, 

the  area  of  the  sector  =  - 


■La*  (see  p.  333) 


360      ■      360' 

=  (difi'erence  in  radii)  (mean  of  the  two  arcs), 
whence  tbe  cnrred  suiAoe  of  ths  fruatum  of  a  cone 

=  ir(slaiit  edge)  x  (meui  of  the  dlajneters  of  Uie  enda). 
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EXERCISES   XO. 


1.  A  circle  of  4  in.  radius  is  divided  into  four  equal  sectors  ;  if 
one  of  these  sectors  be  folded  into  the  form  of  a  cone,  what  is  (a) 
the  radius  of  its  base  and  (*)  its  altitude  ? 

2.  If,  from  a  circle  of  6  in.  radius,  a  sector  be  formed  containing 
an  angle  of  z8B°,  what  will  be  (a)  the  altitude,  (3)  the  radius  of 
the  base  of  the  conical  surface  which  can  be  formed  from  it  ? 

3.  Find  (i)  the  altitudes  and  (ii)  radii  of  the  bases  of  the  conical 
surfaces  which  can  be  formed  from  the  following  sectors  ; 


(<j)  Radius  of  circle 

1 S  cm.,  angle  subtended  at  the  c 

entre    30' 

{^) 

18  cm.,               „ 

„ 

45° 

W 

9  cm.,               „ 

50° 

(d) 

36  cm., 

„ 

160° 

i") 

14  cm., 

„ 

209° 

(/) 

13  cm.,  length  of  arc 

3J-4I  cm. 

(^) 

61  cm.,            „ 

69-1  ■    „ 

(■4) 

, 

17  cm.,           „ 

50'26    „ 

(0 

25  cm., 

94.24'  ,, 

0-) 

A 

J. 

4.    A  conic 

al  tent 

s  to  be  3  A.  high,  the  radius  of  i 

s  base  6  ft. ; 

what  amount 

rf  canv 

as  is  needed  for  its 

construct  io 

(neglecting 

seams,  etc.)? 

3.   An  old 

fashioned  candle  snuffer  wa 

s  in  the  form  of  a  cone  ; 

if  its  altitude 

was  3 

n.,  radius  of  base  I 

n.,  what  wa 

s  its  outside 

surface  ? 

6.  The  bearing  of  a  shaft  is  in  the  form  of  a 
radius  3  in.  ;  what  is  its  total  surface  ? 

7.  Find  the  curved  surface  of  the  following  coi 
(a)  Slant  edge  10-135  i"'i  i^dius  of  base  3  in. 
(i)  „  IS  ft.  „  sft. 

(c)  „  8  ft.  „  7  ft- 

(rf)  „  9  ft.  „  67  ft 

(e)  „  Sft.  „  4-6  ft. 
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8.  A  tin-plate  basin  is  in  the  form  of  a  frustum  of  a  cone, 
with  the  diameters  of  the  upper  and  lower  rims  18  in.  and  12  in. 
respectively,  the  slant  edge  is  5  in. ;  how  many  square  inches  of 
tin-plate  does  it  contain? 

9.  A  tin  funnel  is  in  the  form  of  two  frusta.  The  upper  one 
has  its  upper  rim  6  in.  in  diameter  and  lower  rim  I '2  in.  diameter  ; 
the  lower  frustum  has  its  upper  rim  i'2  in.  diameter  and  its  lower 
rim  0-6  in.  diameter  ;  the  slant  edges  of  the  upper  and  lower  frusta 
are  respectively  s  in.  and  4  in.  What  amount  of  tin-plate  does  the 
funnel  contain  ? 

10.  A  tin  can  consists  of  (l)  an  upper  cylindrical  portion 
4  in.  long,  6  in.  diameter,  {2)  a  lower  cylindrical  portion  18  in.  long, 
12  in.  diameter,  {3)  a  connecting  conical  frustum,  axial  length  4  in., 
and  {4)  a  circular  base.  What  is  the  total  surface  of  tin-plate  used 
in  its  construction  ? 

11.  Find  the  outside  surface  of  a  flower  pot,  of  which  the  outer 
dimensions  are  ;  height  12  in.,  uppier  rim  diameter  9  in.,  lower  rim 
diameter  6  in.,  drainage  hole  in  base  i  in.  diameter. 

12.  Find  the  curved  surface  of  the  following  conical  frusta  : 


Diamelcr  of 

Diaraetnof 

Altilnde. 

upper  nm. 

'"""  '""■ 

w 

I  cm. 

tScm. 

4  cm. 

(*) 

1J5  m. 

18-5  in. 

6  in. 

<^) 

20  in. 

42  in. 

60  in. 

(rf) 

3-4  m. 

6-6  in. 

3  in. 

(0 

.00  in. 

340  in. 

22  in. 

Spherical  Surfoces. 

Suppose  the  sphere  in  Fig.  83  to  be  divided  by  parallel 
platies  into  a  number  of  thin  zones,  such  as  PQ.  The  surface 
of  all  these  zones  make  up  the  whole  surface  of  the  sphere. 
But  the  :tone  PQ  may  be  also  regarded  as  a  portion  of  a 
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conical  surface  which  touches  the  sphere,  and  with  its  apex, 
say,  at  T. 

.'.    the  area  of  the  zone  =  PQ  x  mean  perimeter  (see  p.  439) 
=  PQ  X  2JrAP  (PQ  being  very  small). 

But  since  PGT  is 
perpendicular  to  OP, 
O    being    the  centre 
of  the    spliere,   and 
since  AP  is    perpen- 
dicular   to    OA    the  I 
is    OAP,    PTA  have 
the  same  shape,  and 
AA^^AJ^AP 
PQ ""  PT  ~  DP' 
where  A,  A'  are  the  ^"'-  ^'■ 

centres  of  the  circles  through  P  and  Q. 

.".  AA'  X  OP  =  AP  X  PQ,  and  the  surface  of  the  z 
=  zirOP  X  AA'. 

Hence  tbe  mifiiM  of  a  lone  of  a  Bphere  of  radliu  i 


EXERCISES  XOI.  a. 
Find  the  surfaces  of  the  spheres  of  which  the  diameters  are ; 

1.   311  in.  2.    12-3  in.  3.   202  cm. 

4.   248  cm.  6.    30-2  cm.  6.   24-0  in. 

7.    i-i  ft,  8.    50-2  cm.  9.   42  cm. 

Find  the  diameters  of  ihe  spheres  of  which  the  surfaces  are : 
10.    5728-84  sq.  cm.  11,   6734-61  sq.ft. 

12.   817130  sq.m.  13.    333293  sq.  cm. 

14.   2865-26  sq,  ft.  15.    1269-23  sq.  cm. 

18.   725835  sq.  in.  17.   4584-35  sq.  yd. 
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443 


EXERCISES  ZCI.  b. 

(«■  may  be  taken  as  3'i4i6.) 

1.  If  the  earth  be  regarded  as  a  sphere,  having  a  radius  4000 
miles  in  length,  what  is  its  surface  ? 

2.  What  is  the  surface  of  a  cricket  ball,  diameter  375  in.  ? 

3.  The  curved  surface  of  a  hemisphere  is  10331-118  sq.  cm. ; 


s  radius  ? 


4.  A  hollow  brass  sphere  is  4  in.  in  diameter  ;  what  is  the  area 
of  its  outside  surface?  What  also  is  the  mass  of  the  sphere,  if  the 
thickness  be  o-oi  in.  (density  of  brass  8-816)  ? 

B.  If  the  surface  of  the  earth  (regarded  as  a  sphere,  radius 
4000  miles)  be  supposed  ruled  by  the  360  meridians  or  lines  of 
longitude,  and  so  divided  into  360  equal  parts,  find  in  square 
miles  the  surface  of  the  earth  between  longitudes 

(a)  30°  E.  and  30°  W.  (*)  25°  6'  E.  and  16'  E. 

(f)  140°  E.  and  90°  E.  {d)  76°  W.  and  15°  E. 

{e)  25°  10'  W.  and  45°  20'  E.      (/)  126°  10'  W.  and  10°  W. 
is)  79°  W.  and  78°  W. 
6.    The  table  below  gives  the  t 
earth  (radius  4000  miles  approx.) 
parallels  of  latitude,  while 
23^°  N.  is  the  Tropic  of  Cancer     \ 
23^°  S.  „  Capricorn  J 

66^°  N.  is  the  Arctic  circle. 
66J°  S.      „      Antarctic  circle. 


from  the  centre  of  the 
Entres  of  the  following 


These  bound  the  Torrid  Zone. 


Latitude     - 

10° 

^' 

234° 

3°° 

.o- 

North 

Distance  =  radius 
multiplied  by 

0.1736 

0-3420 

t^3987 

05000 

06428 

Latitude     - 

50° 

60° 

66r 

70- 

So° 

North 

Distance  =  radius 
■  multiplied  by 

07660 

08660 

0-9171 

09397 

0.9848 
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Calculate  in  square  miles  to  four  significant  figures  the  surface  of 

(a)  each  of  the  Frigid  Zones. 

(i)  „         Temperate  Zones. 

(<:)  the  Torrid  Zone, 
(rf)  the  Earth  between  latitudes  20°  N.  and  40°  N. 

(e)  „  „  zo'  N.    „    40°  S. 

(/)  the  portion  between  parallels  20°  N.  and  40°  S,  and  longi- 
tudes 10*  E.  and  1 1°  E. 
{g)  a  portion  of  a  Frigid  Zone  between  80°  E.  and  85°  30'  E. 
{A)  a  portion  of  the  Torrid  Zone  between  75°  E.  and  10°  E. 

7.  The  inside  of  a  glass  goblet  is  made  in  the  form  of  a  portion 
of  a  hemisphere  of  5  in.  radius,  with  the  radius  of  the  lower  and 
smaller  end  3  in. :  what  is  its  total  inside  curved  surface  ? 

8.  A  boiler  is  in  the  form  of  a  cylinder  with  hemispherical 
ends:  its  total  lengih  is  12  ft.,  its  diameter  4  ft.;  what  is  its 
surface  ? 

9.  What  is  the  total  surface  of  a  hemisphere,  of  diameter  8'26 


10.  A  hollow  spherical  shell  is  i  in.  thick  and  its  outer  diameter 
is  6  in. ;  what  is  its  total  outside  and  inside  surface? 

11.  In  Exercise  10,  what  would  be  the  total  surface  if  the  shell 
were  cut  in  halves  and  separated  P 

12.  If  each  square  centimetre  of  each  surface  of  a  film  of  water 
-  be  the  seat  of  energy  sufficient  to  raise  I  gram  weight  through  a 

vertical  distance  of  0-7  mm.,  what  vertical  distance  could    i    gr. 
be  lifted  through  by  utilizing  the  energy  of  a  soap  bubble  24  cm. 


13.  A  cauldron  is  in  the  form  of  a  hemisphere,  its  diameter  is 
6'Z  ft.  and  thickness  I  in. ;  find  its  weight  approximately,  the 
weight  of  1  cub  ft.  of  the  substance  being  450  lb. 
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[Apparatus:  Sheets  of  metal  or  cardboard.     Shears.    Balance.\ 

1.  Cut  out  a  number  of  triangles  from  a  piece  of  sheetmeial 
or  cardboard.  Cut  out  also  a  square  of,  say,  5  cm.  side.  Calculate 
the  areas  of  the  triangles  {a)  by  measuring  the  length  of  the 
sides,  and  then  computing ;  {b)  by  comparing  the  weights  of  the 
triangles  with  that  of  the  square. 

2.  Draw  a  quadrant  of  a  circle,  radius  3  in.  Beginning  from 
one  end,  mark  off  a  number  of  small  arcs  (AB  may  be  taken  as  a 
typical  one).     Draw  perpendiculars  (such  as  ANJ  from  the  ends 


to  one  of  the  bounding  radii.  Draw  a  graph  by  marking  along 
one  line  Ck  the  length  of  the  arcs  and  setting  otf  perpendiculars 
equal  to  the  pterpendiculars  found  above. 

Find  the  area  contained  between  Oj:,  0^  and  the  graph. 

Calculate  the  ratio  of  the  area  to  that  of  the  quadrant  above. 

3.  Draw  a  circle  upon  squared  paper,  and  determine  its  area. 
Find  also  the  area  of  a  square  drawn  upon  Che  radius  of  the  circle. 
Divide  the  former  by  the  latter  result,  so  as  to  determine  the  ratio 
between  the  area  of  a  circle  and  the  area  of  the  square  on  the 
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1.  Draw  a  circle  upon  squared  paper,  taking  as  radius  the 
distance  between  lo  lines.  Count  the  number  of  squares  in  the 
circle,  estimating,  as  before  (p.  127),  the  fractions  of  squares.  Now 
calculate  the  area  from  the  formula,  area  of  circle =7rxrad.*,  the 
radius  being  10.    Thusverify  practically  the  accuracy  of  the  formula. 

It  is  diflicult  to  determine  experimentally  the  area  of  the  surface 
of  a  sphere,  but  the  following  device  provides  a  very  approximate 
illustration  of  the  rule  for  calculating  the  area  firom  the  radius  : 

5.  Make  or  procure  the  apparatus 
shown  in  Fig.  85.  To  make  the  i 
ment.  a  narrow  metal  ring  with  a  neck 
is  obtained.  Thin  sheet  india-rubber  it 
fastened  upon  the  ring,  so  as  to  form  s 
hollow  box  with  flexible  ends.  A  square 
centimetre  is  drawn  upon  the  india- 
rubber.  A  flat  disc,  which  can  be  inflated 
into  a  sphere  of  the  same  diameter,  : 
thus  obtained. 

By  means  of  a  tube  fastened  upon  the  neck  blow  out  the  india- 
rubber  until  it  takes  the  form  of  a  ball.  While  it  is  stretched 
measure  the  area  of  the  square  marked  upon  it.  It  will  be  found 
approximately  double  what  it  was  originally,  thus  indicating  that 
Uie  Burfnce  of  a  complete  sphere  lias  four  times  Uie  area  of  the  heml- 
Bphertcal  aeotion  or  flat  part  obtained  by  cutting  it  into  halves. 

6.  That  the  surface  area  of  a  sphere  is  four  times  the  area 
of  a  circle  of  the  same  diameter  as  the  sphere  can  also  be  de- 
monstrated by  weighing  hemispherical  shells  of  sheet  brass  and 
tircular  dies  of  the  same  material,*  diameter  and  thickness  as  the 
sphere.  If  the  hemispheres  are  fairly  large,  say  three  inches  in 
diameter,  two  of  them  together  weigh,  within  a  fair  degree  of 
accuracy,  four  times  as  much  as  a  disc.     Here  is  an  actual  result : 

Mass  of  disc,         -        -        .        .      22'i  grams. 
Mass  of  two  hemispheres,     -        -      88-8  grams. 

*  [Brass  hemispheres  and  discs  can  l>e  obtained  from  Messrs.  GriSiD  and 
Sons,  Ltd.,  Kingsway.  London.  W.C] 


a 
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7.  The  area  of  the  surface  of  3  sphere  may  also  be  found 
in  the  following  way:  Procure  an  old  tennis  ball.  Measure  its 
diameter  and  then  cut  off  the  flannel  covering  ;  flatten  each  half 
section  down  on  squared  paper  and  find  the  area.  Add  the  two  to 
get  the  area  of  the  whole  surface.  Hence  prove  that  the  area  of 
the  sphere  is  four  times  that  of  a  circle  of  the  same  diameter. 

A  fives  ball  may  be  similarly  employed,  the  four  coatings  being 
cut  off  and  their  areas  measured. 

8.  Weigh  a  thin  hollow  spherical  shell  of  metal,  measure  its 
diameter  (rf),  also  the  thickness  of  the  metal ;  calculate  and  com- 
pare the  weight  of  the  shell  with  irrf^  multiplied  by  the  weight  of 
unit  area  of  the  sheet  metal. 


65.    CALCULATION  OF  VOLUMES  {continued). 
VolnmeB  of  Cones  and  Pyiamids. 

ABCDEFQH  (P'ig.  86)  is  a  cube,  O  is  the  central  point.     The 
cube  could  be  divided  into  6  exactly   £ 
eqiial  parts  by  the  planes  CAB,  OBC, 
and  so  on. 

Hence,  in  this  particular  case,  the 
volume  of  a  single  pyramid,  such  as 
OABCD,  is  S(area  of  base)  (altitude), 
being  Jth  that  of  the  cube. 

The  pyramid  may  be  regarded  as 
(he  sum  of  an  exceedingly  great 
number  of  square  strips,  such   as  fig.  B6. 

abed  (Fig.  87),  and  each  strip  may  be  supposed  slipped  along 
until  the  form  of  the  p)Tamid  is  changed  from  Fig.  87  to 
Fig.  88,  so  that  in  this  case  also  the  volume=J(area  of  base) 
(altitude).  Reasoning  in  this  fashion,  it  can  be  shown  that 
the  volume  of  any  square  pyramid  =  ^  (area  of  base)(altitude). 
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Again,  the  series  of  strips,  such  as  abed  (Fig.  88),  might  have 
been  replaced  by  a  series  of  other  shaped  strips  of  the  same 


I  (Figs.  89  and    90).     So  that  1 
pyi&iiild=J(ar«i  of  baM)  (altitude). 


volume    of  any  con*  01 


Volumes  of  Frosta. 

Example.  I^nd  the  volume  of  tke  frustum  of  a  cone,  the 
radii  of  the  plane  ends  being  7  inches  and  10  inches  respectively, 
and  the  height  of  the  frustum  9  inches  (Fig,  91). 

In  this  and  in  most  cases  of  a  similar  character,  the 
problem  is  best  solved  by  the  use  of  similar  figures. 

If  a  cone  be  imagined  cut  across  by  a  number  of  parallel 
planes  all  perpendicular  to  the  axis,  but  at  different  distances 
from  the  apex  of  the  cone;  the  radius  of  any  section  ispro>- 
portional  to  the  distance  of  the  section  from  the  apex,  and 
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the  increase  in  the  radius  is  proportional  to  the  increase  i 
the  distance  of  the  section  from  the  apex. 
Thus,  In  this  example,  if  ABCD 
(Fig.  92)  be  half  a!  section  of  the  frustum 
through  the  axis,  O  the  position  of  the 
apex  of  the  cone  of  which  the  frustum 
forms  a  part,  and  if  CE  be  parallel  to 
the  axis  OAB, 


AC     ED'    '"  (BD-AC) 


whence  also  OB=  zi  +  g  -=  30. 

The  frustum  is  therefore  the  difference  ^'°  ^' 

between  two  cones,  one  of  height  30  inches  and  end  radms 
10  inches,  the  other  of  height  21  inches  and  end  radius 
7  inches. 

The  volume  of  a  cone  of  altitude  30  inches  and  end  radius 
10  inches  is  Jn-x  10^x30  cubic  inches (i) 


The  volume  of  a  similar  cone  of  altitude   21   and   end 
radius  7  =  (§^)'  x  ^x  x  10*  x  30  cub.  in., 

or  ={tV)'x  Jxxx  lo^xjocub.  in.; (ii) 

therefore  subtracting  (ii)  from  (i)  the  volume  of  the  frustum 


-m- 


■'  X  3°  . 


657^^. 


Similarly,  in  the  general  case  where  the  radii  of  the  ends 
are  R .  r  and  the  altitude  A, 

The  complete  cone,  of  which  the  frustum  may  be  regarded 

as  part,  has  an  altitude  =  = ^■ 

J.M.A.  2  F 
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The  volume  of  this  complete  cone  =  JirR» .  -—— . 
The  volume  of  the  fnistmm 

This  may  also  be  written 

and  still  more  generally 

where  8.1  are  the  areas  of  the  ends;  and  in 
this  form  the  expression  is  suitable  for  calculating 
the  volume  of  a  frustum  (Fig.  93)  of  a  pyramid  or 
of  any  conical  body. 


Volumes  of  Spheres. 

Suppose  a  very  small  triangle  ABC  drawn  on  the  sur&ce 
of  a  sphere  and  all  the 
points  on  its  perimeter 
joined  to  O,  the  centre 
of  the  sphere.  A  small 
pyramid  will  be  formed, 
of  which  the  volume  = 
^(area  of  ABC){radius  of  I 
sphere). 

So,  if  any  other  surface 
be  marked  out  on  i 
sphere,  it  may  be  regarded 
as  made  up  of  a  great 
number  of  very  small 
triangles ;     and     if     the  ^'°'  ^ 

points  on  its  boundary  be  joined  to  the  centre  of  the  sphere, 
the  volume  of  the  solid  thus  formed  ->5  area  of  the  portion 
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of  the  spherical  surface  x  radius  of  the  sphere.     In  particular, 
th*  Tolnme  of  tbe  whole  aplme 

-t(nirl&c«af  the  Bph*r«){radliu)  =  J .  tsr'. 

Example  \.-—Wkat  is  the  volume  of  the  substance  of  a 
spherical  shell,  external  diameter  ti  ('«.,  internal  diameter  8  ('«.? 

The  volume  =  the  difference  between  the  volumes  of  two 
spheres  of  diameters  of  iz  in.  and  8  in.  respectively. 

,'.  the  volume  in  cubic  inches 

=  o-S336{i!i6} 

—  637  cub.  in.  approx. 

Example  z.—  What  is  the  volume  of  the  sfiheriml  sector 
obtained  by  joining  the  centre  of  a  sphere  15  cm.  in  radius, 
to  the  points  on  the  circumference  of  a  small  circle  of  \  2  em. 
radius  drawn  on  its  surface  1 

Clearly,  the  distance  between  the  centres  of  the  sphere  and 
the  small  circle  =  JT^  -12^  cm.  =  9  cm. 

Whence   the  spherical   surface  of  the 

=  2TX  i5{is-9)=i8oTsq.  cm.  (p.  442), 
and  the  total  volume  of  the  sector 
-^xisxi8offc,c. 

=  2827-4  c.c. 

Example  3. — A  sphere,  radius  9  cm.,  is  divided  into  two 
portions  fy  a  plane,  the  distance  of  which  from  the  centre  of  the 
sphere  is  6  cm.  What  are  the  volumes  of  the  two  portions  or 
segments  ? 

In  Fig.  96  let  ABC  represent  the  section,  0  the  centre  of 
the  sphere. 
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The  volume  of  the  spherical  sector  OABCD  =  J  x  9  x  2x9  x  3, 
i.e.  (^  radius  x  area  of  ABCD).  ___ 

The  volume  of  the  cone  OABC 
>"  (j  altitude  x  area  of  hase) 
.Jx6x,r(92-62)c.c. 
The  volume  of  the  spherical  segment 
ABCD 
-Jx9X2a-9X3-^x6x  «-(9'  -  6^)  c.c. 
=  t{i62  -  90)  c.c. 
=  72fl-  CO. 

Example  4. — Find  the  volume  of  the  portion  of  a  sphere, 
radius  12  in.,  comprised  between  two  planes,  distant  8  in.  and 
6  in.  from  the  centre  {and  on  the  same  side  of  the  centre). 


Here  the  required  volume  is  the  difference  between  the 
volumes  of  two  spherical  segments,  i.e.  between  DA'B'  and  DAB. 
Volume  of  DA'B' 

.■.  =>x2ffxi2x6x  i2-|jr(Vi2*-6*)*6cub.  in. 
Volume  of  DAB 

=  Jx2irxi2X4Xij-  lTr{Jt^  ^fz  cub.  in. 
.■.  the  volume  of  the  required  spherical  frustum  in  cub.  in, 
640 


=  576)r-2 


-384ir  + 
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sxEBCisEs  xcn. 

1.    Find  the  volumes,  altitudes,  or  bases  of  the  following  c< 


Yoluroe. 

Diameter  of  bu*. 

Aliiiude. 

(") 

? 

5-3  ft- 

6  ft. 

w 

? 

10-2  ft. 

5  ft- 

(c) 

265-905  cub.  in. 

? 

id) 

220-898  cub.  in. 

? 

15  in. 

What  is  the  content,  in  gallons,  of  each  of  the  following  vessels  ? 

2.  A  basin  in  the  form  of  a  frustum  of  a  cone.  Upper  rim 
24  in.  diameter,  lower  rim  18  in.  diameter,  depth  6  in. 

3.  A  tin  can,  lower  portion  cylindrical,  9  in.  diameter,  14  in.  high; 

higher     „  „  sin.       „  4 in.    „ 

connecting  portion  a  frustum  of  a  cone  5  in.  in  height. 

4.  A  vat  2  ft.  deep,  the  top  of  which  forms  a  rectangle 
8  fi.  x6  ft.,  its  base  a  rectangle  5  fl.  4  in.  by  4  ft. 

5.  Show  that  if  the  earth  is  regarded  as  a  sphere  of  4000  miles 
radius,  its  volume  is  268  x  10*  cubic  miles  approx. 

6.  Twenty  small  shot  are  dropped  into  a  burette  containing 
water,  and  they  produce  a  rise  of  level  in  the  water  corresponding 
to  an  increase  of  volume  of  0281  c.c. :  find  the  average  diameter  of 
the  shot. 


7.    Find  the  diameters,  volur 


r  surfaces  of  the  following 


Dun,e«r. 

Volunit 

Surf«e. 

(") 

54  cm. 

? 

? 

m 

2-3  ft. 

? 

? 

(^) 

? 

137-258  cub.  in. 

? 

id) 

? 

448-921  cub.  in. 

? 

i*) 

? 

? 

I67'4l5sq.cm. 
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8.  A  sphere,  of  5  in.  radius,  is  cut  into  two  parts  by  means  of  a 
plane,  distant  4  in.  fh)in  the  centre.  Find  the  volume  of  the 
smaller  of  the  two  portions.    (Take  «-  as  ^.) 

9.  A  spherical  sector  is  obtained  from  a  sphere  of  6  in.  radius, 
and  the  spherical  cap  bounding  it  has  a  height  of  7  in. ;  what  is 
the  volume  of  the  sector  ? 

10.  The  interior  of  a  glass  goblet  has  the  form  of  a  fiortion  ot 
a  sphere  ;  the  upper  rim  of  the  glass  is  6  in.  diameter,  the  base  is 
3'6in.  diameter;  what  volume  of  water  could  the  glass  hold,  the 
height  of  the  glass  being  2-4  in.  ? 

11.  A  spherical  shell,  external  and  internal  radii  8  in.  and 
6  in.  respectively,  is  cut  in  two  by  a  plane  bisecting  at  right 
angles  a  radius  of  the  external  sphere.  What  is  the  volume  of 
the  smaller  of  the  two  portions  ? 

12.  A  cylindrical  boiler  has  hemispherical  ends  :  its  total  length 
is  16  ft.,  diameter  6  ft  (inside  measurements).     What  is  its  cubical 

13.  A  double  convex  lens  has  two  spherical  surfaces,  both  ot 
50  cm.  radius,  and  its  central  thickness  is  1  cm.  What  is  its 
weight,  the  density  being  2-3} 

14.  Find  the  cubical  content  of  a  mug  in  the  form  of  a 
frustum  of  a  cone,  the  upper  radius  being  2  in.,  the  lower  2-5  in. 
and  the  height  5  in. 

16.  What  is  the  mass  of  a  conical  bearing  of  iron,  6  in.  long, 
diameter  of  the  end  4-8  in,?    (i  cub.  ft.  of  the  iron  weighs  450  lb.) 

16.  A  hay  rick  forms  a  frustum  of  a  cone  surmounted  by  another 
cone.  The  height  of  the  frustum  is  10  ft.,  the  lower  radius  10  ft., 
the  upper  12-5  ft.,  while  the  height  of  the  cone  is  6  ft  What  is  the 
volume  of  the  rick? 

Oiuphic  Calcnlatitm  of  Tolnmes. 

Suppose  a  solid  to  be  divided  up  {Fig.  98)  into  several  parts 
by  a  number  of  equidistant  planes ;  thus  forming  a  number 
of  thin  slices,  a  typical  example  of  which  is  seen  in  the  middle 
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of  Fig.  98.     The  slice  being  very  thin  its  volume  is  obtained  b 
multiplying  its  mean  end  area  by  the  thickness,  i.e. 

volume  of  slice  — I \  (thickness),  approx. 

where  A,  A'  are  the  areas  of  the  two  plane  ends. 


Draw  an  auxiliary  graph  (Fig.  98),  such  that  the  height  ot 
any  plane  section  of  (a)  is  marked  along  the  line  0^,  and  the 
area  of  that  section  represented  by  a  line  perpendicular  to  O^* ; 
it  is  clear  that,  corresponding  to  the  thin  slice  shown  in  (b\ 
we  have  a  small  trapezium  (shown  shaded  in  Fig.  98),  the 
parallel  sides  of  which  are  A,  A',  and  the  width  is  equal  to 
the  thickness  of  the  slice. 

The  area  of  this  strip  =  (thickness)  ( )■ 

Therefore  the  area  of  the  strip  represents  the  volume  of 
the  slice,  and  the  area  of  the  whole  figure  represents  the 
volume  of  the  whole  solid  (a). 


Suppose  ABC  (Fig.  99)  represents  the  section  of  the  cone 
and  AC  the  axis.  At  a  point  N  on  the  axis,  the  section 
perpendicular  to  the  axis  is  a  circle,  NP  being  the  radius. 

The  area  of  the  section  is  irNP^ ;  but  since  n-  is  a  constant 
multiplier  it  is  convenient  to  disregard  it  for  the  present. 
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At  the  corresponding  point  «  of  the  axis  Oy  of  the  graph, 
set  off  a  horizontal  line  to  represent  NP*  on  any  convenient 
scale,  and  so  for  the  other  points. 


The  area  of  the  figure,  multiplied  by  x,  gives  the  volume  of 
the  cone.  Hence  the  volume  =  n-{o- 66)  cub.  in.  (By  counting 
the  squares.) 

Example  2. — Find  the  volume  of  a  hetnisphre  of  2-inch 
radius. 

Suppose  the  hemisphere 
placed  with  its  plane  base  hori- 
zontal ;  the  plan  is  a  circle  of 
2-in.  radius;  the  contours  are 
also  circles.  (Fig.  100,  which 
is  drawn  to  \  scale.) 

Set  off  the  auxiliary  figure, 
and  mark  the  square  of  the 
radius  of  any  contour  against 
the  height  of  the  contour ;  the 
constant  factor  it  need  not  be 
taken  into  account  until  the 
end.  Count  the  squares.  The 
volume  =  5-3T. 

Example  3. — Mnd  the  volume  of  a  hillock  from  its  given 
contoured  plan,     (i  square  represents  iq^  sq.  yds.) 

The  contours  (Fig.  loi)  give  the  areas  of  sections  at  heights 
of  o,  10  ft.,  20  ft.,  30  ft  above  the  plane  of  reference. 


;dbv  Google 


CALCULATION   OF  VOLUMES  457 

The  areas  of  these  sections  are  seen  on  counting  the  squares 
to  be  399  X  lo^  178  x  10'',  61  x  lo^  7x10'  sq.  yd. 


Plot  a  graph  of  these  areas  against  the  heights;  in  Fig.  101 
each  square  will  correspond  to  the  volume  of  a  block  of 
earth  i  ft.  in  height  and  10*  sq.  yds.  in  section,  and,  there- 
fore, to  obtain  the  volume  of  the  hill,  count  the  number  of 
squares  in  the  figure  and  multiply  by  10^x9  to  express  in 
cubic  feet. 

On  counting,  the  squares  are  seen  to  be  431  in  number. 

The  volume  of  the  hill  is  therefore  10*  x  9  x  431  cub.  ft 
=  ya  X  10"  cub.  ft,  about. 
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1,    Find  the  cubic  contents  of  the  vessels  represented  in  section 
by  (a),  (6),  (c)  in  Figs.  102,  103,  104. 


2.    Find  the  volume  of  the  cask  the  dimensions  of  which  are 
shown  in  Fig.  105. 


3.    Find  the  volume  of  the  mound  shown  in  Fig.  106,  by  its 
contoured  plan. 

Exercises  10,  11,  13,  16  on  p.   454   lend  themselves  to  this 
graphic  method  of  calculation. 
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BEVISIOH  EXEBCI8ES  XOIV. 

MlBceUajiecnia :  malnl?  tivm  S»amln&tton  Papers. 
A  1.  A  boy  multiplied  a  number  by  495  and  obtained  the  product 
1925617.     He  was  told  thai  the  figures  9  and  7  were  wrong,  and 
the  other  figures  right.     What  was  the  correct  product? 

2.  If  a  rectangle  43-86  yards  long  and  49-02  yards  wide  is 
divided  into  129200  equal  squares,  how  long  (in  inches  and 
decimal  of  an  inch)  will  the  side  of  each  square  be  ? 

3.  A  had  a  number  of  florins  and  B  had  the  same  number 
of  half-crowns,  and  neither  had  any  other  money.  B  paid  y.  6d. 
to  A  by  giving  3  half-crowns  to  A  and  receiving  2  florins  from  A. 
If  after  the  payment  was  made  A  had  ;^4.  ^s.  6d,  how  much  money 
had  B  then  ? 

i.  A  person  buys  a  triangular  plot  of  ground,  of  which  the 
sides  are,  respectively,  140,  143,  i;/  yards.  Find  its  area  in  acres 
and  the  cost  at  7s.  bd.  per  square  yard. 

5.  If  500,000  rabbits  bought  in  Belgium,  at  the  rate  of  75 
francs  per  100  are  sold  in  England  at  an  average  price  of  xod. 
each,  how  much  do  the  importers  gain  after  paying  2  per  cent, 
on  their  outlay  for  freight,  etc.  ?    [25  francs— j^i.] 

6.  One  man  with  his  team  could  plough  a  field  in  3  days. 
Another  with  his  could  do  the  work  in  2^  days.  In  what  time  would 
the  two  men  and  the  two  teams  together  accomplish  the  work? 

7.  What  difference  in  amount  of  simple  interest  shall  I  obtain 
by  lending  £5250  for  2  years  at  3^  or  4^  per  cent,  per  annum  ? 

8.  A  cistern  31  metres  long  and  4  metres  wide  holds  water 
weighing  1E5752  kilograms.  Remembering  that  1  cubic  decimetre 
of  water  weighs  1  kilogram,  find  the  depth  of  the  cistern  in  metres, 
decimetres,  etc, 

9.  The  yearly  birth-rate  of  a  certain  town  exceeds  the  yearly 
death-rate  by  three  per  thousand  ;  what  time  will  elapse  before  the 
population  increases  by  50  per  cenL  (neglecting  changes  due  to 
immigration  and  emigration)? 


;dbv  Google 


(6o  A   MODERN   ARITHMETIC 

10,  The  field  COFE  from  which  the  following  measurements 
[given  in  links)  were  taken  is  bounded  by  straight  lines.  Draw 
.t  on  the  scale  of  I  chain  to  the  inch  and  calculate  its  area. 


0B 

0D78 

160 

OC93 

75 

0A 

B  1.  If  the  price  of  coal  be  raised  10  per  c 
per  cent,  a  man  must  reduce  his  consumpti 
not  to  increase  his  expenditure. 

2.  A  capitalist,  having  a  sum  of  money  1 
a  bank  which  offers  depositors  4 J  per  ce 
added  yearly  to  the  deposits  ;  and  the  other  half 
also  allows  compound  interest,  where  the 


:,  places  half  in 

compound  interest 

a  bank,  which 


but  the  additions  of  interest  are  made  every  six  months.  At  the 
end  of  two  years  he  finds  there  is  a  difference  of  .£249.  16^.  3irf. 
in  the  two  accounts.     Find  the  sum  originally  deposited. 

3.  A  tradesman  sells  cloth  at  icu.  a  yard,  making  a  profit 
of  S  per  cent,  on  the  cost  price ;  if  he  sold  the  same  cloth  at 
loj'.  6d.  per  yard,  what  per  cent,  profit  would  he  then  make  ? 

4.  A  hollow  closed  cubical  box  is  made  of  iron  and  is  2  inches 
thick,  thb  external  edge  being  4  feet  long  ;  it  being  given  that  iron 
weighs  7'II2  times  as  much  as  water,  and  that  a  cubic  foot  of 
water  weighs  1000  ounces,  find  in  tons  the  weight  of  the  box. 

5.  A  merchant  sold  90  cwt.  3  qr.  14  lb.  of  madder,  which 
cost  him  38J.  6ii.  pet  cwt.,  to  another  merchant  at  the  rate  of  42s. 
per  cwt.,  the  purchase  price  to  be  one  quarter  in  cash  and  the 
remaining  three  quarters  in  hemp :  if  the  hemp  cost  the  other 
merchant  24s.  lotf.  per  cwt.,  find  how  much  money  he  would  pay 
and  the  price  at  which  he  would  reckon  the  hemp,  on  the 
supposition  that  he  is  to  make  the  same  net  profit  as  the  first, 
so  that  the  exchange  is  equal. 
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6.  Find,  in  cubic  feet,  the  volume  of  ihe  frustum  of  a  cone,  the 
height  of  which  is  30  feet,  the  ^n-eater  diameter  6  feet,  and  the 
les5  3fect(ir=V)- 

7.  A  train,  going  at  the  rate  of  72  miles  an  hour,  overtakes 
another  train  19Z  yards  long,  going  in  the  same  direction  on 
a  parallel  line  at  the  rate  of  54  miles  an  hour,  and  completely 
passes  it  in  ihree-fourths  of  a  minute :  find  the  time  in  which 
the  trains  would  have  completely  passed  one  another,  if  ihey  had 
been  going  in  opposite  directions;  find  also  the  length  of  the  faster 

8.  Find,  with  as  little  work  as  possible,  the  value,  to  the  nearest 
shilling,  of  ^z-684x(i-o3S)*. 

9.  From  a  cylinder  of  wood,  with  a  diameter  of  1 1  inches,  a 
rectangular  beam  is  cut.  If  the  breadth  of  the  beam  is  8  inches, 
find  the  depth  from  the  formula  1^  =  0^-^,  where  6  is  the  breadth 
and  d  the  depth  of  the  beam,  and  D  the  diameter  of  the  cylinder. 

If  the  strength  of  a  beam  varies  as  6tP,  compare'  the  strengths 
of  beams  3,  4,  5,  6,  7,  8  in.  broad  cut  from  a  cylinder  11  inches  in 
diameter,  and  so  find,  roughly,  the  breadth  of  the  strongest  beam 
which  can  be  cul  from  the  cylinder. 

10,  A  certain  sum  of  money  (say  ^100)  is  put  out  at  10  per  cenL 
compound  interest,  payable  yearly.  Draw  a  graph  showing  how 
the  interest  depiends  upron  the  time.  Use  your  graph  to  find  in 
what  time  the  interest  would  amount  to  ;^3o. 

C  1.  How  many  pieces  of  wire,  each  4-13  in.  long,  can  be  cut 
from  a  rod  whose  length  is  8-24  fl.,  and  what  will  be  the  length  of 
the  piece  left  over? 

2.  Having  given  that  a  metre  is  39-3708  in.,  show  that  the 
difference  between  35  yards  and  32  metres  is  less  than  a  centi- 

3.  One  strip  of  carpet  is  i  ft.  io§  in.  wide,  and  another  strip  is 
2  ft.  3  in.  wide.  A  square  yard  of  the  former  costs  8rf.  more  than 
a  square  yard  of  the  latter,  and  a  yard  of  the  latter  costs  3.1.  6d. 
How  much  does  a  yard  of  the  former  cost  f 
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4.  If  ^loo.  js.  bd.  was  allowed  by  a  banker  as  simple  interest 
on  ^2SSSi  deposited  with  him  for  ij-  years,  what  average  rate  per 
cent  per  annum  of  interest  was  obtained  by  the  investor  ? 

5.  A  can  do  a  piece  of  work  in  2\  days  which  B  can  do  in 
3J  days.  If  A's  wages  are  ^i.  lbs.  Sd.  a  week  and  ffs  wages  are 
^i.  is.  gd.,  what  would  A  have  chained  for  doing  a  piece  of  work 
for  which  B  received  ;£ii.  loj.? 

6.  A  workman  is  able  to  save  12^  per  cent,  of  his  wages,  but  if 
his  wages  were  raised  2J.  a  week  and  his  expenses  were  increased 
by  loper  cent.,  his  annual  savings  would  be  diminished  by  17s.  ^d.\ 
what  are  the  man's  weekly  wages,  a  year  being  taken  as  52  weeks 

7.  A  person  subscribes  the  sum  of  ^20  yearly  to  an  insurance 
society,  beginning  on  his  30th  birthday  ;  to  what  sum  would  he 
be  entitled  just  before  he  attains  his  55th  birthday,  reckoning  com- 
pound interest  at  4  per  cent,  per  annum  ? 

log  1-04=0-0170333, 
log  26658=4-4258276, 
1(^26659=44258439. 

8.  Water  has  to  be  diverted  from  a  river  through  a  six-inch 
diameter  pipe,  running  full  bore  at  a  velocity  of  one  foot  per  second, 
to  irrigate  a  field  of  20  acres.  How  long  will  it  take  to  deliver  an 
inch  of  water  over  the  whole  area?     (Area  of  circle  =  nT*.) 

g.  ABCDEF  is  a.  field  bounded  by  the  straight  lines  AB,  BC,  CD, 
DE,  EF,  FA.  The  points  B  and  C  are  on  one  side  of  AD,  and  the 
points  E  and  F  are  on  the  other  side  of  AD.  A  person  wishing  to 
find  the  area  of  the  field,  notes  the  position  of  points/,  i,  e,  c  on  AD, 
such  that  the  corresponding  directions  /F,  iB,  cE,  cO  are  all  of 
them  perpendicular  to  AD  ;  he  also  measures  the  lengths  of  these 
lines/F,  bB,  etc.,  so  obtaining  the  following  data  ; 
A/ =  8  chains,  /F=9  chains, 

M  =  10  chains,  iB  =  7  chains, 

A"  =23  chains,  cE=3  chains. 

At  =25  chains,  cC=8  chains. 

AD=29  chains. 
Draw  a  plan  of  the  field  and  find  the  area  in  acres,  etc 
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10.  The  Great  Wall  of  China  is  said  to  be  Z400  km.  long, 
61  dcm.  high,  457'5  cm.  thick  at  the  top,  and  7625  mm.  (hick  at 
the  bottom.     How  many  cubic  metres  of  building  material  does  it 

D  1.    Divide  73438-6445  by  4-12345,  and  0-004321  by  0-00043212, 
correct  to  three  places  of  decimals. 

Add  together  0-4  of  a  mile,  0-424  of  a  rod,  04246  of  a  yard  ; 
giving  the  result  (i)  as  a  decimal  of  a  mile,  and  (ii)  in  feet  and  the 
decimal  of  a  foot. 

2.  In  calculating  the  amount  of  wages  lost  by  workmen  in  a 
strike,  it  was  assumed  that  200,000  men  lost  42  days'  work  valued 
at  4J.  bd.  a  day.  If  the  error  in  the  estimate  of  the  number  of 
men  may  be  10  per  cent,  of  the  true  value,  and  Chat  in  the  estimate 
of  the  value  20  per  cent,  of  the  true  value,  find  the  greatest 
possible  error  in  the  whole  amount  as  a  percentage  of  the  true 
amount. 

3.  If  £i2.  i7.t-  3jrf-  is  divided  among  4  men,  6  women  and 
8  children,  so  that  each  man  may  have  twice  as  much  as  a  woman, 
and  each  woman  three  limes  as  much  as  a  child,  what  sum  will 
each  man  receive  ? 

4.  If  a  piece  of  land  in  France  cost  7350  francs  per  hectare, 
find  its  price  per  acre  in  English  money ;  5  francs  being  equal  to 
4  shillings  and  100  hectares  to  245  acres, 

5.  A  can  just  give  B  a  start  of  20  yards  and  C  a  start  of  27 
yards  in  a  walking  contest  of  a  quarter  of  a  mile.  How  much  can 
B  give  C  in  120  yards  ? 

6.  A  shopman  bought  eggs  at  the  rate  of  7  for  a  shilling,  and 
sold  them  at  a  prc^t  of  40  per  cent.  How  many  eggs  would  a 
customer  get  for  a  shilling? 

7.  A  closed  cubical  copper  box,  the  sides  of  which  are  every- 
where three  inches  thick,  encloses  a  cubical  space  whose  edge  is 
eight  inches  long.  What  would  be  the  total  cost  of  the  material 
of  the  box  at  fourpence  per  cubic  inch  ? 
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8.  If  numbers  are  formed  by  arranging  all  the  digits  i,  2,  3,  5, 
6,  7,  8  10  Ihal  the  odd  and  even  digits  occur  alternately,  show  that 
each  number  is  divisible  by  1 1. 

9.  A  sum  of  money  is 
accumulating  at  compound 
interest  at  a  certain  rate 
per  cent.  If  simple  interest 
instead  of  compound  were 
reckoned,  the  interest  for  the 
first  two  years  would  be 
diminished  by  13^.  4^.,  and 
that  for  the  first  three  years 
by  £2.  OS.  4d. ;    what  is  the 


10.  Find,  in  acres  and  deci- 
mals of  an  acre,  the  area  ol 
a  field  which  is  represented, 
on  a  scale  of  5  feet  to  the  mile, 
by  ABCDEA  (Fig.  107) 
you  prefer,  take  the  scale 


hectares.     If  you  w 
by  the  eye. 


locx),  and  give  the  area  i 


o  draw  perpendiculars,  judge  their  positions 


£  1.   Find  the  square  of  i|jjj,  correct  to  six  places  of  decimals. 
Express  the  result  as  a  decimal  of  3141593. 

2.  Find  the  value  of  71  tons  7  cwt.  3  qr.  at  30  guineas  a  ton. 

3.  At  6  a.m.  on  November  i  iih,  a  watch  which  keeps  fairly 
accurate  time  indicated  5  hr.  59  min.,  and  at  6  p.m.  on  November 
25th,  it  indicated  6  hr.  o  min.  ;6  sec     What  was  its  daily  gain  ? 

4.  Two  men  undertake  to  do  a  piece  of  work  for  £6.  Ore  of 
them  could  do  it  by  himself  in  16  days,  while  the  other  would 
require  20  days.  They  employ  an  assistant  -,  and,  all  three 
working  together,  they  complete  the  work  in  8  days.  How  much 
of  the  money  has  each  of  them  earned  ? 
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6.  A  train  99  yards  long,  and  travelling  at  unitorm  speed, 
overtakes  in  succession  two  trolleys  on  the  other  line  of  rails,  one 
at  rest  and  the  other  travelling  in  the  same  direction  as  the  train. 
If  the  train  pass  the  first  trolley  in  7J  seconds,  and  the  second  one 
10  minutes  later  in  6i  seconds,  how  far  ahead  will  the  train  be 
when  one  trolley  overtakes  the  other  ?  (The  length  of  the  trolley  is 
to  be  neglected.) 

6.  Give  carefiil  instructions  how  to  set  out  the  boundary  lines 
of  a  lawn  tennis  court  73  feet  by  27  feet. 

7.  A  cask  is  3o|  inches  long,  its  bung  diameter  is  26^  inches 
and  its  head  diameter  is  33  inches ;  find  how  many  gallons  of  wine 
it  contains.    (Assume  the  form  to  be  a  double  frustum  of  a  cone,) 

8.  A  man  buys  ;oo  eggs  for  ^1.  i5.f.  and  sells  200  of  them 
at  8  a  shilling.  At  what  rate  must  he  sell  the  remainder  if  he  is  to 
make  25  per  cent,  profit  on  his  outlay  P 

9.  Find,  to  the  nearest  penny,  the  compound  interest  on 
^1357.  i6j'.  in  4  years  at  z|  per  cent,  per  annum. 

10.  The  safe  weight,  in  tons,  which  may  be  attached  to  a  hempen 
rope  of  diameter  d  inches  is  given  by  0-9871^.  Find  the  safe 
weights  which  may  be  attached  to  ropes  of  0-5,  1,  i'5,  2,  2-5,  3,  3'5 
4  inches  in  diameter,  and  plot  a  curve  on  squared  paper  to  show 
the  nature  of  your  result. 

Determine,  by  inspecting  the  curve,  whether  the  following 
arrangements  are  safe  :  diameter  \•^  in.,  weight  3-5  tons  ;  diameter 
2 '8  inches,  weight  7  tons. 

F  L  If  12  tons  2  cwt.  2  qr.  10  lb.  of  coal  is  to  be  divided  among 
25  men  and  20  women,  giving  each  man  three  times  as  much  as  a 
woman,  how  much  will  each  man  receive  ? 

2.  Find  three  numbers  lying  between  500,000  and  510,000, 
each  of  which  is  exactly  divisible  both  by  37  and  by  73. 

3.  On  a  map  drawn  to  the  scale  of  an  inch  to  a  mile,  a  certain 
estate  covers  an  area  of  2'44  square  inches.     Find  the  real  area  of 

J.II.A.  2G 
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1.  A  landlord  spends  ^  of  the  gross  rent  of  a  house  in  repairs 
and  pays  income-tax  at  I  id.  in  the  £  on  (he  balance.  If  he  then 
have  ^85.  17^.  6rf.  left,  what  was  the  gross  rent  ? 

8.   The  interval  between  the  ticks  of  a  pendulum  /  cm.  long  is 

either  wV-  seconds  or  ztry-  seconds,  where  ^=981.     Determine 

which ;    given  that,  roughly,  a    pendulum  a   metre  long  beats 


6.  The  New  York  Department  of  Agriculture  has  estimated  the 
total  farm  wealth  for  the  current  year  at  86,4i5,t>»,ooo.  This 
total  is  stated  to  be  4  %  higher  than  in  1904,  8%  higher  than  in 
1902  and  36%  higher  than  in  1899,  each  of  these  percentages 
being  reckoned  on  the  earlier  year  concerned.  Calculate  the  tolal 
farm  wealth  for  each  of  those  years. 

Assuming  that  the  percentage  increase  on  1904,  as  stated  above, 
is  correct  to  the  nearest  integer  only,  what  are  the  limits  of  error 
in  your  result  for  that  year? 

7.  The  distance  from  X  to  Y  by  a  footpath  is  to  the  distance 
from  X  to  Y  by  road  as  5  to  6,  and  driving  from  X  to  Y  by  the  road 
at  the  rale  of  10  miles  per  hour  takes  1  hr.  9  min.  less  time  than 
walking  from  X  to  Y  by  the  footpath  at  the  rate  of  4J  miles  per 
hour.     How  far  is  it  from  X  to  Y  by  the  footpath  ? 

8.  The  value  of  a  piece  of  machinery  depreciated  yearly  in  such 
a  way  that  the  value  at  the  end  of  any  year  was  only  90  %  of  the 
value  at  the  beginning  of  that  year.  The  cost  price  was  ^120,  and 
it  was  sold  eventually  as  waste  metal  for  £7.  Kw.  Obtain  the 
number  of  years  during  which  the  machine  was  in  use. 

9.  A  cubical  box,  of  external  dimensions  17  inches  each  way, 
would  contain  crushed  ore  of  the  value  of  ^421.  17*.  6d.  if  it  were 
made  of  material  i  inch  thick  ;  but  by  mistake  it  has  been  made 
of  thicker  material,  and  the  difference  in  the  value  of  the  ore  which 
it  will  hold  is  consequently  ;£78.  \7s.6d.;  what  is  the  real  thickness 
of  the  materia]  ? 
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10.  The  diagonal  AC  of  a  quadrilateral  garden  ABCD  is  975  links ; 
the  perpendiculars  on  AC,  from  B  and  D,  are  respectively  385  and 
567  links  ;  find  the  area  in  acres,  roods,  perches. 


01.  If  a  whole  number  be  added  to  its  square,  show  that  their 
sum  can  only  end  in  o,  2,  or  6  ;  and  if  a  whole  number  be  added  to 
its  cube,  the  sum  can  only  end  in  o,  z,  or  8. 

2.  The  time  of  swing  of  a  simple  pendulum  varies  as  the  square 
root  of  the  length  of  the  pendulum.  If  a  pendulum  1  metre  in 
length  swings  once  in  a  second,  find  to  the  nearest  millimetre  the 
length  of  a  pendulum  which  swings  75  limes  in  one  minute. 

3.  What  is  the  interest  for  two  years  to  the  nearest  penny  at 
3J  per  cent,  compound  interest  on  ^2113.  ys.  7rf.? 

4.  What  is  the  value  of  7  tons  15  cwt.  i  qr.  27  lb.  of  copper  at 
^58.  6j.  8rf.  aton? 

5.  State  and  explain  the  effect  of  moving  the  decimal  point  to 
the  right  or  to  the  left  of  its  original  position.  What  is  the  value 
of2.io9375of^z.  4J.? 

6.  A  walks  from  X  to  Y  at  the  rate  of  4  miles  per  hour  ;  B,  who 
starts  4^  hours  later  from  X  and  rides  on  a  bicycle  at  the  rate  of 
12  miles  an  hour,  reaches  Y  at  the  same  time  as  A.  What  is  the 
distance  between  X  and  Y  ? 

7.  A  cistern,  whose  length  is  8  ft.  g  in.  and  breadth  7  ft.  4  in., 
is  tilled  with  water  to  a  depth  of  4  ft.  6  in.  If  a  cub.  ft.  of  water 
weigh  1000  oz.,  express  as  a  decimal  of  a  cwt.  the  weight  of  water 
in  the  cistern. 

8.  A  pair  01  scales  is  improperly  balanced,  so  that  i  lb.  in 
one  pan  balances  1575  oz.  in  the  other.  If  a  merchant  in  selling 
goods  places  them  in  the  latter  pan,  how  much  per  cent,  does  he 
gain  by  such  a  proceeding? 

9.  A  man  buys  76  gallons  of  wine  at  $s.  J^d.  per  gallon  ;  he 
sells  13  gallons  at  a  loss  of  20  per  cent.,  whilst  two  gallons  are  lost 
through  leakage.  At  what  price  per  gallon  must  he  sell  the 
remainder  in  order  that  he  may  gain  10  per  cent,  on  the  whole 
transaction  ? 
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10,  A  person  borrows  ^^1500,  promising  to  repay  the  slim 
borrowed  and  the  proper  interest  by  ten  equal  yearly  instalments, 
the  first  to  fall  due  in  one  year's  time. 

Reckoning  compound  interest  at  5  per  cent,  per  annum,  find  the 
value  of  the  annual  instalment.    [(i-osV  may  be  taken  as  1-639.] 

H  1.  The  metre  was  originally  determined  so  that  forty  million 
metres  should  be  equal  to  the  earth's  circumference  ;  a  metre  is 
39'37  inches.  Compute  from  these  data  the  mean  radius  of  the 
earth  in  miles,  being  given  that  the  circumference  of  a  circle  is  to 
its  diameter  as  355  to  1 13. 

2.  A  landlord's  net  rental,  after  paying  5  per  cent,  for  collection, 
and  M.  in  the  pound  income-tax  on  Ike  remainder,  is  ^sSo  :  find 
his  gross  rental. 

3.  Selling   articles  at  6j'.  6d.  each,  a  dealer  makes  a  certain    . 
percentage  of  profit ;  on  increasing  the  price  to  js.  id.  his  per- 
centage of  profit  is  increased  by  10,    What  profit  is  he  making  at 
the  latter  price  ? 

4.  A  triangular  field  ABC  is  to  be  levelled.  The  side  BC  is 
level  and  A  is  2-3  metres  higher  than  BC.  Find  how  much  the 
field  is  lowered  at  A,  and  how  much  it  is  raised  along  BC. 

5.  A  litre  of  water  weighs  a  kilogram,  a  litre  of  another  liquid 
weighs  i'34o  kilograms.  A  mixture  of  the  two  weighs  1.270 
kilograms  per  litre.  Determine  the  volume  of  each  liquid  in  a 
litre  of  the  mixture. 

6.  Employ  logarithms  to  evaluate  (0-41568)'^.  Find  the  side 
of  a  cubical  block  of  iron  weighing  7892  lb.,  assuming  that  a  cubic 
foot  of  water  weighs  62-5  lb.,  while  iron  is  7-726  times  as  heavy 

7.  A  sum  of  /3826.  icu.,  put  out  at  compound  interest  payable 

yearly,  amounted   to  ^5441-   131.  ^d.  in  8  years.     What  was   the 

8.  A  length  of  60  centimetres  is  divided  into  equal  parts.  What 
is  the  number  of  these  parts  if,  when  this  number  is  increased  by 
unity,  the  length  of  eachpart  is  decreased  by  I  millimetre? 


;dbv  Google 


REVISION  EXERCISES  469 

9.  The  Snowdon  Tramway  has  a  continuous  rise  of  3140  ft.  in 
4g  miles.  The  average  gradient  is  said  to  be  1  in  7'S3.  Compare 
these  statements,  and  determine  the  true  average  gradient  ftoni 
the  first  statement  to  three  places  of  decimals. 

10.  Draw,  as  accurately  as  you  can,  a  fair  sized  plan  of  a  field 
ABCDEF  from  the  given  Field-Book  entries.  Then  find  the  area 
in  acres,  roods,  poles. 

Links. 
3350 

2080 

to  F  1700     1800 

From  A  go  North. 


I  1.  (a)  Reduce  %-7,t,\-ta-  >.•(  '°  ''^  simplest  form. 


,  ¥+i-i-¥<ll+i) ,, 

'  ea-o-so-iW 

(i)  Multiply  S*'  '77  ^V  071279  correctly  to  five  places  of 
decimals,  employing  by  preference  a  contracted  method  of  multi- 
pTiciion. 

2.  How  many  square  feet  of  timber  i  inch  thick  are  required 
to  make  a  closed  box  with  a  base  4  feet  6  inches  x  3  feet,  internal 
measurement,  which  shall  contain  400  gallons  of  water!*  (Take 
277'3  cubic  inches  to  the  gallon.) 

3.  What  interest  does  a  purchaser  pay,  if  he  adopts  credit 
terms  in  buying  the  following  article  :  "  Military  case  will  be  sent 
on  receipt  of  6ii^  deposit  and  the  payment  of  17  weekly  instalments 
of  6rf.  each,  making  Ss.  bd.  in  all,  or  js.  bd.  cash." 

4.  How  many  feet  in  height  is  an  isosceles  triangle  of  which 
the  base  is  506  inches,  and  its  area  equal  to  that  of  a  scalene 
triangle  the  sides  of  which  are  368,  330  atid  314  inches? 

6.  Divide  by  17  lineal  feet  (i)  2023  lineal  feel,  (2)  2023  square 
feet,  (3)  2023  cubic  feet.  State  carefully  what  the  quotient  is  in 
each  case,  and  give  reasons  for  your  answers. 


;dbv  Google 


470  A  MODERN   ARITHMETIC 

6.  Find  the  cubical  content  of  a  block  2  ft.  9  in.  long,  I  f).  8  in. 
wide  and  1  A.  4  in.  deep.  If  the  weight  of  this  block  is  11  cwt., 
find  what  would  be  the  length  of  a  bar  of  the  same  material, 
having:  a  sectional  area  of  f  of  a  square  foot  and  weighing  18  cwt. 

7.  From  the  equation  t=2T^il-i-g)  find  /  in  terms  of  the  other 
quantities,  and  calculate  its  value  to  three  significant  figures  when 

1=1,  ^=32-18,  )r=3-i4i6. 

8.  If  15  cwt.  -z  qr.  7  lb.  cost  £j2.  ty.  j^d.,  what  will  be  the 
cost  of  2  tons  3  qr.  2 1  lb.  8  oz.  at  J  of  the  former  rate  ? 

9.  A  circular  basin  of  large  dimensions,  filled  with  water,  is 
surrounded  by  a  gravel  path  of  uniform  width  ;  find  the  area  of  the 
walk  and  the  diameter  of  its  outer  circumference,  from  dimensions 
of  the  paths  only. 

10.  What  sum  to  the  nearest  shilling  paid  now,  tc^ether  with 
^300,  ^250  and  ;^20O  paid  respectively  at  the  ends  of  i,  2  and  3 
years  from  the  present  time,  will  be  equivalent  to  three  sums  of 
;^35o  due  at  the  ends  of  1,  2  and  3  years  from  the  present  time,  if 
money  is  worth  3  per  cent,  per  annum  and  compound  interest 
payable  yearly  is  reckoned  ? 

J  1.     (i)  Express  V  as  a  decimal  fraction  of  3-14159. 

(ii)  Find  what  decimal   fraction  of  7  cwt.  2  qr.   13J  lb.  is 
equal  to  S  cwl.  1  qr,  11  lb.  3  oz. 

2.  A  tank  contains  gioo  kilo,  of  water,  and  another  tank 
of  the  same  horizontal  section,  but  103  centimetres  deeper,  has 
a  capacity  of  10,750  litres.  Find  the  depth  of  the  first  tank  in 
metres,  and  the  area  of  its  seciion  in  square  metres,  (i  c.c.  of 
water  weighs  i  gram  :  a  litre  is  1000  c.c) 

3.  A  rectangular  area,  the  length  being  five  times  the  breadth, 
contains  70,000  acres.  How  many  miles  of  fencing  would  be 
necessary  to  enclose  it? 

4.  A  cylindrical  pontoon,  3  feet  in  diameter,  having  conical 
ends,  is  so  far  sunk  under  water  that  there  is  a  mean  pressure 
of  2-45  lb.  upon  each  square  inch  of  its  surface :  find  the  total 
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pressure  {in  tonsX  the  extreme  length  of  the  pwntoon  from  the 
extremities  of  the  cones  being  14  feet  and  the  height  of  each  cone 


1  feet,     (ff: 


r*-) 


6.  The  number  of  first-class  passengers  is  two'fifths  of  the 
number  of  third-class  passengers,  but  the  fares  are  respectively  %d. 
and  2,\d.  How  many  are  there  of  each  class  if  the  total  receipts 
be  ^575-  i+r-o^-f 

6.  Find  the  compound  interest  on  ^800  for  three  years,  the 
rate  of  interest  being  5  per  cent  per  annum. 

7.  A  manufacturer  sells  to  a  merchant,  who  in  his  turn  sells  to 
a  retailer.  If  the  retailer  sell  the  goods  to  the  consumer  for 
^865.  3J.  od.,  and  each  trader  makes  ten  per  cent,  profit,  what  is 
the  prime  cost  of  the  goods  f 

8.  What  is  meant  by  an  average'^ 

The  following  are  the  figures  of  twelve  divisions  of  the  House  of 
Commons  on  a  certain  evening:  Government,  201,  219,  255,  170, 
19s,  207,  223,  244,  250,  250,  248,  236;  Opposition,  182,  205,  247, 
101,  124,  136,  202,  243,  242,  235,  236,  183.  What  is  the  average 
majority  of  the  Government  for  that  evening  ? 

9.  A  man  puis  by  \d.  on  the  ist  January,  and  doubles  the 
deposit  every  succeeding  year.  How  much  will  he  have  saved  at 
the  end  of  25  years  ? 

10.    Draw  a  plan  of  the  field,  and  find  ils  area  in  acres,  roods. 


perches,  from  the  fo!lo\ 


ing  Field-Book  e 
to  D 
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K  1.    In  1901  the  National  Debt  was  £6y^,(icA,7oo.     How  much 
would  be  required  to  pay  interest  on  this  for  a  year  at  aj  per 


2.  Manitoba  has  an  area  of  47,188,500  acres  ;  of  this  1,965,200 
acres  were  under  wheat  in  1901,  producing  18,353,013  bushels  of 
wheat.  What  percentage  was  under  wheat,  and  how  many  bushels 
an  acre  did  it  produce?  Give  each  result  to  the  nearest  whole 
number. 

3.  (u)  A  and  B  run  a  mile  race,  and  A  wins  by  60  yards  ;  after- 
wards B  and  C  run  a  mile  race,  and  B  wins  by  60  yards.  If 
A  and  C  run  a  mile  race,  by  how  much  would  A  win,  it  being 
assumed  that  each  runs  at  the  same  rate  as  before  ? 

(b)  A  tub  is  filled  with  water  by  two  laps  running  tc^ether  in  one 
minute  forty  seconds,  and  it  would  be  filled  by  one  of  the  taps 
alone  in  three  minutes  ;  how  long  would  the  other  tap,  running 
alone,  take  to  fill  the  tub  ? 

4.  A  steamer  A  is  in  distress  and  stationary,  and  fires  a  gun 
which  is  heard  on  another  steamer  B  coming  direct  towards  her. 
A  fires  another  gun  ten  minutes  after  the  first,  and  this  is  heard 
on  B  9  mins.  48  sees,  after  the  first.  At  this  moment  B  is  4  miles 
from  A.  How  soon  will  the  two  steamers  be  alongside  of  each 
other  ?  Give  the  answer  to  the  nearest  second,  supposing  sound 
to  travel  at  the  rate  of  1130  feet  per  second. 

5.  Yellow  brass  consists  of  66  parts  of  copper  to  every  34  parts 
of  zinc ;  spelter  of  i  part  copper  to  1  of  linc.  What  amount  of 
spelter  would  you  melt  with  324  tons  of  yellow  brass,  so  as  to 
produce  an  alloy  suitable  for  sheathing,  the  composition  of  which 
is  6  parts  of  copper  to  every  4  of  zinc  ? 

6.  A  frustum  of  a  rectangular  pyramid  has  a  base  of  27  inches 
by  24,  while  the  top  is  18  inches  by  16,  and  the  height  of  the 
frustum  is  32  inches.     Find  its  volume. 

If  a  plane  passing  through  the  smaller  edges  of  the  top  and 
base  divide  the  frustum  into  two  wedges,  find  their  respective 
volumes. 
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7.  The  yearly  output  of  a  gold  mine  decreases  every  year  by 
13  per  cent,  of  its  amount  during  the  previous  year.  Given  that 
the  first  year's  output  is  ^260,000,  and  that  (0'87)"'  =  024842 
approximately,  find 

(ii)  the  total  output  for  the  first  ten  years  ; 
(d)  (he  total  output  for  all  time. 

8.  To  make  an  article  takes  20  hours  of  a  workman's  time  paid 
at  7^d.  per  hour.  The  material,  10  %  of  which  is  wasted  in  the 
working,  costs  lotf.  a  pound.  The  final  weight  of  the  article  is 
20  lb.  At  what  price  must  it  be  sold  to  gain  8  %  profit  on  the 
total  cost  ? 

9.  A  and  B  are  partners  in  a  trading  venture,  A  contributing 
£2000  and  B  ;£3ooa  A,  however,  acts  as  manager,  the  under- 
standing being  that  of  the  profits  A  shall  receive  25  per  cent,  for 
his  services  as  manager,  the  remainder  to  be  divided  in  the  ratio 
of  their  contributions.    B's  profits  are  ^120  ;  what  do  A's  amount  to? 

10.  The  following  table  gives  approximations  to  the  interest 
which  would  accrue  to  .£200  in  the  specified  limes,  the  turnover 
being  immediate,  and  the  nominal  rate  5  per  cent,  per  annum. 


Time  in  years 

I 

' 

3 

4 

5 

6 

Interest  in  £ 

IO-3 

=,0 

31-4 

44-3 

SM 

69.9 

Exhibit  the  relation  between  interest  and  time,  by  means  of  a 
graph. 

Employ  your  graph  to  find 

(i)  in  what  time  the  interest  would  amount  (o  .£50-1  ; 

(ii)  the  interest  which  would  accumulate  in  ^years  3  months, 

L  1.  The  product  of  two  numbers,  whose  diflerence  is  3,  is  142504. 
Find  the  square  root  of  142504,  correct  to  whole  numbers,  and 
hence,  by  trial,  find  the  two  numbers. 

2.  A  rectangular  vessel,  3-4  metres  long  and  2-6  metres  wide, 
contained  wine  7  decimetres  deep.  If  as  many  casks  as  possible, 
each  capable  of  holding  3  hectolitres,  were  filled  from  the  vessel, 
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how  many  such  casks  were  there  ;  and  what,  to  the  nearest 
millimetre,  was  the  depth  of  the  wine  left  in  the  vessel?  (Alitre  =  a 
cubic  decimelie,  and  a  hectohtre  is  100  litres.) 

3.  A  builder  has  two  houses  which  cost  him  equal  amounts  ; 
he  sells  the  first  to  A  at  a  profit  of  30  per  cent,,  and  the  second  to 
B  at  a  loss  of  20  per  cent.  A  then  buys  B's  house  from  him,  giving 
the  same  price  as  he  did  for  the  first  house.  What  profit  per  cent 
did  B  make? 

4.  The  capacity  of  an  oil  can  may  be  calculated  approximately 
by  regarding  the  lower  part  as  a  cylinder,  and  the  upper  part  as  a 
cone,  if  the  total  height  is  14J  inches,  the  height  of  the  cylindrical 
portion  10  inches  and  circumference  27  inches,  how  many  gallons 
will  it  hold  ? 

If  the  circumference  of  the  can  were  a  inches,  what  would  be  the 
circumference  of  another  of  the  same  shape  but  of  double  the 
capacity?    (n-=^,  1  gal.=277  cub.  in.) 

5.  An  express  train  332  feel  long  and  going  at  62  miles  per 
hour  overtakes  a  goods  train  526  feet  long  running  in  the  same 
direction  on  a  parallel  line  at  17  miles  per  hour.  Find  how  many 
seconds  the  trains  take  to  pass  each  other. 

6.  There  is  a  row  of  21  trees  planted  at  intervals  of  one  year. 
The  youngest  tree  is  10  feel  high  and  the  middle  tree  is  2S'9  feet 
high.  Assuming  that  during  each  year  of  growth  a  Iree  adds  to  its 
height  the  same  fraction  of  its  height  at  the  beginning  of  that  year, 
find  the  heights  of  the  oldest  tree  and  of  the  third  tree. 

(N.B.— i-i"'=2-59  approximately.) 

7.  What  would  be  the  cost  of  the  material  of  a  closed  cubical  box, 
3  inches  in  thickness  on  all  sides,  whose  interior  is  also  cubical  and 
contains  27  cubic  feet,  reckoned  at  2s.  fid.  per  cubic  foot  of  material  ? 

8.  What  sum  at  compound  interest  will  amount  to  ^650  at  the 
end  of  the  first  year  and  ^676  at  the  end  of  the  second  year  ? 

9.  A  dealer  buys  oranges  of  two  qualities,  one  at  a  shilling  a 
dozen  and  the  other  at  8  pence  a  dozen.  He  then  mixes  them  and 
sells  the  lot  at  15  oranges  for  a  shilling.  He  makes  a  profit  of 
5  per  cent,  on  his  outlay  :  find  the  ratio  of  the  number  of  oranges 
of  the  two  kinds. 
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10.  A  rifle,  sighted  to  1000  yd.,  rests  on  a  support  5  ft.  from  the 
ground  and  is  fired.  The  height  of  the  bullet  above  the  support  is 
given  by  the  following  table  : 


Distance  in  yd.  from  firing  point : 

100    1   zoo       300    1   400   1    soo 

600 

700 

Soo 

-1- 

Vertical  he%ht  above  support  in  ft. : 

7-3    [   '1-2   I   iS-o  1    i8'5  1   210 

23'3 

25 

22-5 

...i    . 

On  squared  papier  give  a  representation  of  the  path  of  the  bullet, 
showing  also  the  ground  level  and  the  height  of  the  support,  and 
find  in  what  positions  a  butt  of  height  20  ft.  would  stop  the  bullet. 


U 1,  Find  the  number  of  gallons  in  a  cylindrical  vessel  the 
diameter  of  which  is  6  feet  and  height  7  feet.  Given  that  the 
area  of  a  circle  equals  Sj*  times  the  square  of  the  radius,  and  that 
a  gallon  is  equal  to  277*2  cubic  inches. 

2.  A  hare  starts  to  run,  at  iz  miles  per  hour,  when  a  dog  is 
44  yards  off.  After  half  a  minute  the  dog  sees  her,  a.nd  pursues 
at  16  miles  per  hour.     How  soon  will  he  catch  her  ? 

3.  Find  the  present  value  of  an  annuity  of  ^300  payable  every 
year  for  3  years  at  5  per  cent,  per  annum  simple  interest. 

4.  If  the  wages  of  45  women  amount  to  ^^207  in  48  days,  how 
many  men  must  work  16  days  to  receive  £76.  ly.  41/.,  the  daily 
wages  of  a  man  being  double  those  of  a  woman? 

5.  If  the  annual  increase  in  the  population  of  a  state  is  25  per 
thousand,  and  the  present  number  of  inhabitants  is  2,624,000, 
what  will  the  population  be  in  3  years'  time?  And  what  was  it  a 
year  ago  ? 

6.  A  man  having  3  sons,  left  ;£96;6  to  be  divided  among  them 
in  proportion  to  their  ages  at  the  time  of  his  death  ;  when  he  died, 
their  ages  were  25,  32  and  21  years  respectively;  what  was  the 
share  of  each  ?  And  what  difference  would  it  have  made  to  each 
of  the  sons  if  the  father  had  lived  a  year  longer  ? 


;dbv  Google 


47« 


A   MODERN   ARITHMETIC 


7.  A  merchant  commenced  business  with  a  certain  sum  of 
money,  and  at  the  end  of  each  year  increased  his  capital  by  lo  per 
cent.  At  the  beginning  of  the  fifth  year  5  per  cent,  of  his  capital 
was  worth  ^£732.  IS.     What  sum  did  he  commence  with  ? 

8.  In  1891  the  population  of  the  East  Riding  of  Yorkshire  was 
400,085,  the  Poor  Rate  ^166,260,  and  the  number  of  paupers 
1 1,133  ;  '■>  the  North  Riding  the  figures  were,  respeclivety,  354,383, 
£167,574  and  10,483  i  and  in  the  West  Riding  2,464,415,  £i,03'%S37 
and  45,806.  Find,  to  the  nearest  penny,  the  average  cost  of  a 
pauper  for  the  whole  of  Yorks  ;  and,  to  two  decimal  places,  the 
average  number  of  paupers  per  cent,  of  population, 

9.  ABCD  is  a  quadrilateral  ploi  of  ground  ;  AB  is  204  yards, 
BC  204,  CD  253,  DA  325,  and  tl\e  angle  ABC  is  60°.  join  AC: 
show  that  the  triangle  ABC  is  equilateral ;  then  find  the  area  of 
each  triangle  in  square  yards.    Give  the  area  of  the  whole  in 


10.  A,  B,  C,  D  are  foui-  stations  on  a  railway  ;  the  distance  AB 
is  10  miles ;  BC,  10 ;  CD,  8.  The  following  is  an  extract  from  a 
time  table  : 


A    dep.  7-S7a.m. 

Ddep.  8.29  a.m. 

/arr.    8.15  a.m. 
'*Uep.  8.18  a.m. 

farr.   8.37  a.m. 
^  \dep.  8.40  a.m. 
D    arr.  8.55  a.m. 

C          — 

B          - 

A  arr.   9 'o  a.m. 

Plot,  in  one  diagram  on  squared   paper,  graphs  lo  show  the 
positions  of  both  trains  at  any  time  between  those  given,  assuming 
(hat  they  run  uniformly  between  the  stations.     When,  and  where,, 
do  they  pass  one  another  ? 

N  1.  Two  straight  lines  AB,  CD,  cut  one  another  at  right  angles. 
If  ACBO  represent  a  four-sided  field,  find  how  many  roods,  pioles, 
etc,  there  are  in  its  area,  the  lengths  AB,CD  being  45  and  80  yards 
respectively. 

X    Find  the  Least  Common  Multiple  of  539,  1 183  and  1 573. 
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3.  How  many  doses,  each  weighing  000176  grain,  can  be 
obtained  from  a  powder  weighing  0-096  grain,  and  what  is  the 
weight  of  the  remaining  ptortion  of  the  powder  ? 

4.  Find,  to  the  nearest  integer,  avoiding  unnecessary  figures  in 

the  calculations,  the  value  of  V2^^2il^i}l_ 
0-7  X  0-0064 1 

5.  Two  rectangular  cisterns,  the  areas  of  whose  bases  are 
36  sq.  ft.  and  45  sq.  ft.  respectively,  stand  at  different  levels,  and 
are  placed  in  communication  by  a  pipe  through  which  water 
flows  from  the  first  cistern  to  the  second  at  the  average  rale  of 
3J  gallons  per  minute.  If  a  cubic  foot  of  water  weigh  62^  lb. 
and  10  lb.  of  water  measure  one  gallon,  in  what  time  will  the 
difference  of  the  levels  of  the  water  be  changed  by  3  inches  ? 

6.  With  wheat  at  z&t.  per  quarter,  6  men  can  be  fed  for  1 5  days 
at  a  certain  cost.  How  long  can  7  men  be  fed  for  the  same  cost, 
when  wheat  is  30J.  per  quarter? 

7.  A  racecourse  is  11  miles  in  circumference,  and  3  men  start 
together  to  travel  the  same  way  round  it  A  travels  4  miles  an 
hour,  B  5j  miles  an  hour  and  C  8  miles.  When  will  they  all 
come  together  again  ? 

8.  33  per  cent  of  the  candidates  in  an  examination  pass  in 
mathematics  and  classics  ;  43  per  cent  fail  in  mathematics,  and 
52  per  cent,  fail  in  classics.  What  per  cent,  of  the  whole  of  the 
candidates  fail  in  both  mathematics  and  classics? 

9.  Find  to  within  id.  how  much  a  trader  should  pay  for  100 
yards  of  silk  so  that,  when  selling  it  at  2s.  iiji/.  a  yard,  he  may 
make  a  profit  of  35  per  cent,  on  his  outlay. 

10.  The  three  sides  of  a  triangular  field  are,  respectively,  85, 
132  and  157  yards.  Find  its  area  in  acres.  It  can  be  shown  that 
this  triangle  is  right-angled.  Do  this,  and  find  the  area  again  by 
an  easier  method. 
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66.    EQUATION  OF  PAYMENTS. 

When  various  lots  of  goods  are  bought  on  the  same  date, 
but  with  varying  terms  of  credit,  it  is  Trequently  convenient  to 
know  the  date  on  which  one  payment  of  the  total  nominal 
amount  may  be  made,  i.e.  with  no  charge  for  extra  credit 
and  no  deduction  for  discount. 

The  question  is  equivalent  Co  that  of  finding  the  average 
number  of  days  of  credit  appertaining  to  each  ;£,  and  this 
number  is  known  as  the  Eaiiat«d  t«im. 

Example  r, — Find  the  equated  term  tn  the  following: 
Goods  to  the  value  of  ^Soo,  term  of  credit  62  days. 

£600,  „  J7      „ 

£6oo,  „  31    „ 

,t  ..  £soo>  X  **/     „ 

The  average  number  of  days'  credit  each  £  n 

8oo  X  62  +  600  X  31  +600  X  31  +501 

~  800  +  600  +  600  +  500 

49600  +  18600+  18600  +  30500 


=  46-92  days. 

The  equated  term  is  therefore  taken  as  47  days,  and  the 
equated  time  as  47  days  after  the  date  of  the  transaction. 

More  frequently  the  goods  would  be  bought  on  different 
dates,  as  in  the  following  example  : 

Example  2, — Find  /Ae  equated  time  in  ilu  following  case  : 

Goodl.  Tlrmo/Cniil. 

April  I  £500  .2  months. 

April  10  £600  3       „ 

/'ffy  U  £S^  2       » 

It  is  desired  to  know  the  date  on  which  a  single  payment  of 
;£i6oo  would  clear  the  debt. 
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The  sums  are  due  as  follows : 

June  I,     July  10,     Sept.  15. 
and  the  example  can  be  evaluated  as  in  Ex.  1,  working  from 
some  zero  date  (here  conveniently  June  i). 
There  are  therefore  bills  of 
;£Soo  due  in      o  days, 
£,(>oo       „        39     „     from  June  i  to  July  10, 

£S°°       ..       i°6 Sept.  15. 

The  equated  term 


^  600  X  39  + 500  X  106 


days 


^  0  +  600  +  soc 
_  23400  + 53000  _  76400 
1 600  1600 

=  48  days. 
The  equated  time  is  48  days  after  June  1,  i.e.  July  19  (use 
Table  of  Days). 

Instead  of  full  payment  of  the  sum  total  of  the  bills,  the 
balance  only  may  be  required,  certain  cash  payments  having 
been  made  before  the  term  of  expiration  of  the  various  bills. 
Example  3. — Find  the  equated  lime  in  the  following  example : 

Dat,:.  Gardi.  Tirm  of  Crtdil. 

March  I  £^00  2  months        April  I,  by  cash  £3^0 

April  16  £,600  3       „ 

/"«7  £500  2       „  J^fy  I,        „      £750 

/"fyj  £400  2       „ 

Assume  the  same  rate  of  interest  throughout,  remembering 
that  cash  payments  tend  to  neutralize  debts.  Take  March  ist 
as  zero  date. 

Equated  term 

_ 500 X 61  +600 mjy + 500 X  1S9  +  400 X  186 -  3SO " 3;  -75° "."' 
~  500+600+500+400-350-750 

_  30500  +  82200 +  79500 +74400-  10850- 9I500_  164850 
~  900  "900 

=  182-5  days, 
(.tf.  equated  term  =  183  days. 

Equated  time  is  August  31.     Balance  ;^90o. 
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EZEBCIBEfi  ZCV. 

1.  A  person  buys  goods  on  April  lo  to  the  amounts,  and  under 
terms  of  credit,  as  stated  : 

Value  of  goods,  ^550;  credit,  2  mo. :  goods,  ^650;  ctedit,3mo.' 
goods,  ^739  ;  credit,  2  mo. :  goods,  .£640  ;  credit,  3  ma 

Find  the  average  number  of  days'  credit  each  {^  receives,  if  the 
goods  are  paid  for  by  a  single  payment  of 

wsso +.£650+^739 + ifi^y 

2.  A  person  buys  goods  as  follows : 

Goods,  ^800.    Credit,  2  ma  Goods,  ^8 12.     Credit,  80  days. 

„     /736-  »      3  mo.  „       £4oa         „       3  mo. 

,.      ^720-  „     70  days. 

Date  of  purchase  June  12. 

Find  the  average  number  of  days'  credit  each  £  receives,  if 
the  goods  are  paid  for  by  a  single  payment  of  the  nominal  sum 
of  the  values  of  the  goods. 

3.  A  person  buys  goods  as  follows  : 

June    I.  Goods,  ^760-  Credit,  2  mo. 

„    2a  „      /650.  „      60  days, 

„    28.  „     ^720-  lOJ.  „     80  days. 

July     I.  ,„      £364.  „      T  mo. 

Find  the  average  number  of  days'  credit  from  June  i  that  each  £, 
in  Ex.  1  and  2. 


This  average  number  is  known  as  the  equaled  term. 
The  date  obtained  by  adding  the  equated  term  to  June  i  (or 
whatever  the  zero  date  be  chosen)  is  known  as  the  equated  time. 

4.   In  Ex.  3  find  the  equated  term  and  time  if  the  zero  date 
be  August  I. 
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6.   Find  the  equated  time  on  account  of  the  following  purchases : 


(a)  July 

2. 

Goods,  £if>2.  5J. 

Credit,  80  days 

" 

4- 
I?- 

„       2  mo. 

Aug. 

10. 

„     £^- 

„       60  days 

(*)    May 

I. 

Goods,  jC61.7j.6rf. 

Credit,  2  mo. 

„ 

16. 

„      ^76.  3^.  6rf. 

„      60  days 

June 

3- 

„      .£59.  lof- 

„       80  days. 

July 

4- 

„      ^80.  ,os. 

„       2  mo. 

., 

II. 

„      £ii2.Ss.6a. 

„       2  mo. 

9,    Find  the  equated  time  of  the   following   purchases   and 
payments,  and  also  the  balance  o 


FU.CMASE. 

.„.„.     ! 

D.I.. 

A.™,. 

Ci.dil. 

D.le. 

An,™.! 

May    3 

^700 

2  mo. 

Jon.    , 

£1000 

.,      10 

iS-o 

60  days 

June  u 

ilV> 

60  days 

Jnly      ■ 

£1000 

„     26 

l7^ 

2  mo. 

July    3 

(,6a> 

2  mo. 

Sept.    . 

b-^ 

P..™™. 

P...„,. 

D.lt 

A~.... 

c^t 

r.... 

A.„.,. 

Feb.     I 

June    3 

July     4 

«      17 

i;6oo 
.£'800 

.£900 

3  mo. 
60  days 
3  mo. 

Feb.  28 
June  30 
July  31 

/5OO 
£1000 
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Purchase. 

P.V„B«T. 

Datt 

Amount. 

Credit. 

Date. 

An,o»nL 

Jan.    .0 
Feb.  16 
Mar.  10 
May  iS 

£500 

.£750 
^.000 
.£'350 

4rno. 
3mo- 

Mar.     1 
May     1 
June  .5 
July      I 

.£600 
.£800 
.£800 
.£.000 

p..„.„ 

PAVMBNT. 

n.iK, 

An.oum. 

Cr«iit. 

Itale, 

An™,„t 

Aug.    7 
Sept.  10 
Oct.   12 
Nov.  10 

^600 
^800 
.£900 

£700 

3  mo. 
3  mo. 

3  mo. 

Sept.   1 
Oct.     I 
Nov.    I 

£SOO 
.£500 

.£Soo 

67.    FOREIGN  EXCHANGES. 
Moner  Exchange  between  different  ConntrieB. 

Different  countries  use  different  money  systems;  and 
accordingly  it  is  important  to  be  able  to  express  any  sum 
of  money  in  the  systems  of  different  countries.  For  example, 
supfHJse  a  London  merchant  owes  a.  Paris  merchant  10,000 
francs;  he  requires  to  know  how  many  francs  are  equivalent 
to  £i.     In  calculating,  it  must  be  borne  in  mind  that 

ist.  The  amount  of  gold  in  the  standard  gold  coin  of  one 
country  must  always  bear  a  definite  ratio  to  tiie  amount  of 
gold  in  the  standard  gold  coin  of  another  country.     But 

znd.  The  exchange  value  of  the  two  coins  fluctuates 
between  certain  limits. 
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The  tables  below  give  particulars  respecting  the   coinage 
of  a  few  countries. 


Coinage  of  the  United  Kingdom. 
The  authorized  coinage  of  the  United   Kingdom  consists 
of  the  following  pieces,  exclusive  of  those  issued   only  on 
special  occasions : 


Standard 
Wdghl. 

Lcasl 

Remedy 
Weight, 

Gold: 

Grains. 

Gains. 

Grains. 

Sovereign  - 

123-27447 

122-500 

020000 

Half- Sovereign  - 

61.63723 

6M25 

0.15000 

SILVER  ; 

Crown 

436-36363 

— 

2O00 

Double  Florin    - 

349.09090 

— 

1-678 

Half-crown        ■ 

2l8-l8[8l 

— 

1-264 

Florin 

174-54545 

— 

0-997 

Shilling      - 

87.27272 

— 

0-578 

Sixpence    - 

4363636 

— 

0-346 

Threepence 

2i<Si8t8 

— 

0-2I2 

Bronze : 

Penny 

145-83333 

— 

2-91666 

Halfpenny - 

87-50000 

— 

I -75000 

Farthing    - 

43-75000 

— 

0-87500 

Standard  Gold  contains  twenty-two  twenty-fourths  of  fine 
metal  and  two  twenty-fourths  of  alloy. 

The  fractional  amount  of  pure  or  fine  metal  in  a  'gold'  or 
'  silver'  coin  determines  its  flnflnesa.  Since  out  of  1000  parts 
of  standard  gold,  916-67  are  pure  gold ;  or  out  of  24  parts  of 
standard  22  parts  are  pure  gold;  the  fineness  of  standard  gold 
is  said  to  be  916-67  milliSmes  or  22  carats. 
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Standard  Silver  consists  of  thirty-seven-fortieths  of  fine 
metal  and  three-fortieths  of  alloy;  fineness,  925. 

Bronze  is  an  alloy  of  copper  95  parts,  tin  4  parts  and 
zinc  I  part. 

The  Remedy  is  the  amount  of  variation  permitted  in 
fineness  and  in  weight  of  coins  when  first  issued  from 
the  Mint 


Foreign  Coinage. 


F,„„. 

Gam^y. 

UoiMd  Stattj. 

Gold: 
100  franc  piece 
50 

zo  mark  piece 
(dop  pel  krone) 
10  mark  piece  (krone) 

double  eagle 
eagle 
half  eagle 

Silver  : 

S  franc  piece 

5  mark  piece 

dollar 

half     dollar 

SO  centimes 

50  pfennigs 

quarter    „ 
dime 

Nickel  ; 

20  pfennig  piece 

S  cents 

BRONZE : 

5 

10  centime  piece 
5 

2  pfennig  piece 

1  cent 
(ioocents=idollar) 

(100  centimes  =  ifr.) 

(ioopfennig=i  mark) 
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Britbih. 

F..h. 

AmtHcan. 

Germany. 

aoTWrign 

aoFrancE 

Ett^ 

MHUk 

Weight  in  grains  Troy 

123-27 

99-56 

258 

I32-9I8 

Fineness,  i.e.  proportion! 
of  pure  gold  in  total 

0-91667 

0-900 

0-8993 

0-900 

Weight  of  pure  gold  in 
grains  Troy 

II30016 

89-6 

332 

1 10-626 

norin 

D  Franc 

DoUu 

Ibrk 

Weight   of  pure  silver) 
in  grains  /roy             \ 

i6i-4S 

347-23 

37' -25 

77-i6 

Fineness 

0-920 

0-900 

0-900 

0-900 

Total  weight  in  grains! 
Troy                             f 

175-5 

385-81 

412-5 

85-73 

EZEBCISES  ZCTL 

1.  Find  the  weight  in  grams  of  £,\  sterling  of  the  (u)  standard 
weight,  (b)  least  current  weight. 

2.  Calculate  the  weight  in  grams  of  (a)  is.  and  of  (i)  \d. 

3.  What  is  the  value  per  m.  Troy  of  (■*)  the  gold  used  in 
coinage,  ifi)  pure  gold? 

I.    What  is  the  value  of  I  oz.  Avoirdupois  of  pure  goldP 
6.    How  many  sovereigns  could  be  coined  from  zo  lb-  (Troy) 
of  pure  gold  ?    (State  to  the  nearest  sovereign.) 

6.  How  many  shillings  could  be  coined  from  3  lb.  (Troy)  of 
pure  silver  ? 

The  following  (Exx.  7,  8  and  9)  are  quotations  from    mining 
returns.     Find  the  fineness  of  the  gold  from  the  mines  mentioned  ; 

7.  AsHANTi  GOLDFIELDS  AUXILIARY.— The  clean  up  for  April 
from  Dredges  Nos.  4  and  ;  is  as  follows  :  Gold  recovered,  194  oi. 
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(approximate  value  £77(1) ;  total  recovered  for  four  months  ending 
April  30,  1906,  885  oz.    (Approximate  value  £3540.) 

8.  N.  BONSOR  Mine— The  tributors  crushed  18,576  tons  of 
ore  at  the  Bonsor  battery,  yielding  10,525  oz.,  and  12,422  tons  of 
tailings  were  treated,  yielding  441 3  oz.  Troy,  or  a  total  of  14,938  oz., 
of  a  value  of  ;£42,687. 

9.  Bonsor  Amalgamation. — The  tributors  ran  the  mill  for 
179  days,  crashing  15,784  tons,  yielding  3505  oz.,  and  8906  tons  of 
tailings  were  treated,  yielding  1451  oz.,  or  a  total  of  4956  oz.,  of 
a  value  of  ^14,060.  14^.  dd. 

10.  Find  the  value  in  English  money  of  the  gold  in  (a)  a  10  mark 
piece,  (p)  a  10  franc  piece,  {c)  an  American  eagle. 

11,  Calculate  the  fineness  of  the  standard  coins  of  the  countries 
named  in  the  following  tables  ; 

(Great  Britain — sovereign,  weight  123'27  grains,  JJ  fine.) 


<.„„. 

o.„c.. 

«li&- 

SKrlidgV^lM 

M 

Argentine 

Republic 

Argentine    or     S 
peso  piece 

124-44 

£.    s.     d. 

0  19  10 

(') 

Austria-Hungary 

Ducat 

53-85 

094 

M 

Brazil  - 

10  milreis 

138-35 

■     ^     5i 

M 

Denmark 

10  krone  piece 

69-14 

on     o\ 

Egypt 
Japan  - 

100  piastre  piece 
(Egyptian  £) 
20  yen  piece 

131-18 

257-21 

'     0    3i 

2     OIlJ 

<.e) 

Mexico 

10  peso  piece 

261-12 

2    0    si 

m 

U) 

Ottoman  Empire 

Persia 

Peru    ■ 

Turkish  pound  of 
100  piastres 

Toman      of      200 
shah  is 

Libra  of  10  sols 

11136 

57-90 
123-27 

0  18    o| 
0    9    5 

(*) 

Russia 

Imperial     of      15 
roubles 

199-10 

1  11     9 

;dbv  Google 


FOREIGN   EXCHANGES  487 

12.  What  would  be  the  value  in  francs  of  the  gold  in  an  English 
sovereign  (weight  123-27  grains,  22  carat  fine),  the  20  franc  piece 
being  99-56  grains  in  weight  and  900  fine  ?  In  other  words,  find 
the  Mint  gold  par  of  exchange  between  England  and  France. 

13.  Using  the  tables  in  Ex.  11,  find  the  Mint  gold  par  of  exchange 
between  Great  Britain  and  (a)  Russia,  (*)  Japan,  (c)  Denmark. 

14.  If  only  25'!i  francs  be  regarded  as  the  Paris  equivalent  of 
^I  sterling  in  London,  it  just  pays  to  ship  gold  from  London  to 
Paris,  i.e.  to  send  across  English  sovereigns  and  have  them  re- 
coined  into  French  money.  If  25-33  francs  in  Paris  are  equivalent 
to  C\  in  London,  it  just  pays  to  ship  gold  from  Paris  to  London 
and  have  it  recoined  there.  These  values  for  the  exchange  are 
known  as  the  Specie  Points.  The  actual  course  of  exchange 
between  London  and  Paris  generally  varies  within  these  limits. 

Find  (a)  the  cost  per  sovereign  of  transmitting  gold  from  Paris 
to  London  and  coining,  or  of  transmitting  from  London  to  Paris, 
also  {p)  what  would  be  the  cost  of  so  transmitting  .£35,?oo. 

15.  If  the  cost  of  transmitting  gold  10  Berlin,  and  having  it 
tecoined  there,  be  ^11  ;  when  the  amount  transmitted  is  ^2042, 
what  are  the  specie  points  between  London  and  Berlin  ? 

68.    FOREIGN  BILLS  OF  EXCHANGE. 

Even  when  the  buying  and  selling  of  goods  take  place  in 
one  country,  money  payments  are  seldom  made,  except  when 
in  one  town,  and  when  the  amounts  are  comparatively  small ; 
more  usually  cheques,  bills,  etc.,  are  employed  instead. 

In  dealing  with  foreign  countries,  similar  or  modified 
methods  are  employed,  except  that  cheques  are  most  fre- 
quently not  now  available.  Also,  it  is  clear  that  since  trading 
between  two  countries  consists  generally  in  an  exchange  of 
goods,  it  is  not  actually  necessary  that  much  money  or  bullion 
should  pass  at  all  between  two  countries  trading  with  one 
another. 
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Thus  the  table  below  gives  for  the  United  Kingdom  the 
actual  imports  and  exports  of  bullion  and  specie,  also  the  value 
of  imports : 


Exporld  Bullion. 

,.,»» 

v.„ 

45,.6i,468 

35,491,184 

413,434,242 

1S99 

39.5i3,i;3 

31,972,039 

523,o75,'63 

1900 

3»."7.3<>l> 

26.015,102 

521,090,198 

1 901 

31,393.345 

26,125,206 

528,391,274 

1902 

18,967,723 

39,233,238 

542,600.289 

i<io3 

The  following  examples  illustrate  two  of  the  most  common 
methods  which  may  be  employed  by  a  person  in  London  ot 
England  in  liquidating  a  debt  abroad,  say  at  Paris  : 

Example  t. — Calculate  the  cost  of  settling  a  debt  of  12,000 
francs  by  buying  from  a  bill  broker,  3  months'  bills  on  Paris 
rt/ 25-50,  discount  i\%. 

Debt=  12000  fr.,  if  paid  now. 
3  months' interest  at  3j%=      105 

■    12105      =  the  equivalent  of  debt 
in  3  months,  at  the 
end  of  which  time 
the  bills  mature. 
In  addition  there  must  be  paid 

Brokerage  at  i  per  mille*=      iz-ii  —  fees  chained  by  the 
Stamp  duties  i  per  mille  =       6-o6        bill  broker. 

12123-17  '"'■■  total. 
Amount  to  be  paid  to  settle  the  debt 


=  £- 


'■121:11- 
25-50 


;^47S-4i6 


=  £^Tl-  Sj-  4^-  to  the  nearest  penny. 


I  per  tnille  is  i  per  ir 
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Note.— ;^i  paid  now  buys  bills  to  value  25-50  fr.,  or  more 
than  the  par  rate  of  exchati^e,  oti  account  of  the  fact  that 
2550  fr.  is  the  value  of  a  bill  maturing  in  3  months'  time, 
which  can  be  bought  for  £j\  now.  The  exchange,  however, 
depends  upon  the  relative  demand  of  London  on  Paris,  and 
vtee  versa,  and  not  on  the  interest  alone- 

Example  2. — Find  the  rate  of  ^ost  df  settling  a  debt  by  em- 
ploying an  agent  in  Paris  to  draw  a  3  months'  bill  on  the 
debtor. 

The  agent  draws  up  a  3  months'  bill  or  drafl  for  the 
debtor  to  accept ;  this  bill  the  agent  then  negotiates  in  Paris. 

The  rate  of  exchange  will  now  be  less  than  the  par  rate, 
say  25-17  fr. 

i.e.  25-17  fr.  is  now  the  present  value  in  Paris  of  each  jQ\  on 
the  draft,  payable  in  London  in  3  months. 

By  expending  j£i  in  3  months'  time,  the  debtor  therefore 
can  liquidate  a  present  debt  of  25-17  fr,, 

less,  however,  by    0-02517    on  account  of  brokerage 

and     „  „  0012585  stamp  duties. 

.'.  the  net  amount  is  25-132245  francs. 

A  Present  Payment  of  £1  at  the  same  rate  of  discount  as 
in  Ex.  1  would  liquidate  25-132245  fr.,  increased  by  g% 
(the  percentage  increase  at  3  months  at  3^  %  per  annum),  (>. 
^i  now  would  liquidate  a  debt  of 

(25-t32Z45-H 0-219907)  fi:.  =  2S-352iS2. 


EZEBCISES  ZCVII. 
1.    Find  the  cost  to  a  London  merchant  of  settling  debts  of 
(i)  385,000  fr.,  (ii)  43700  fr.,  (iii)  58200  fr.,  assuming  the  following 
rates  of  exchange  for  3  months'  bills  : 

(a)  Undon  on  P.ri,  25.47. 
{b)  London  on  Paris  25-5. 
{c)  Paris  on  London  25-12. 
((i)  Paris  on  London  25-14. 
Rate  <A  discount  3%.  Brokerage  i  per  millc.  Stamp  duty  0-5 
per  milk. 
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2.  Find  the  cost  to  a  London  merchant  of  settling  a.  debt  of 
450,000  marks,  assuming  that  the  rates  of  exchange  for  3  months' 
bills  are  as  follows  : 

London  on  Berlin  (a)  10-63,  (^)  20-52.  Berlin  on  London  (r)  20-36, 
(rf)  20-33.  Rite  of  discount,  brokerage  and  stamp  duties  as  in 
Ex.1. 

3.  Findtherateofdiseountwhena3months'bill,^i236.  tis.gd^ 
endorsed  25*18,  is  worth  ^1227.  os.  4//.  (Brokerage  and  stamp 
duty  as  above.) 

i.  Find  the  exchange  in  Tendon  on  Paris  for  3  months'  bills, 
if  a  debt  of  i26i?-54  fr.  can  be  liquidated  for  ^Soa  (Rate  of  dis- 
count 2%,  brokerage  and  stamp  duty  as  above.) 

69.    STOCKS  AND  SHARES. 

In  medieval  and  earlier  times,  financial  companies  of  the 
type  met  with  now  could  not  exist,  and  for  many  reasons : 

(a)  laws  were  in  force  against  usury ; 

(^)  no  opportunity  existed  for  storing  up  wealth,  other  than 
in  the  form  of  corn,  cattle,  and  other  perishable  commodities; 

(c)  very  little  business  was  carried  on  between  town  and 
town; 

{d)  most  of  .the  labour  was  expended  upon  material 
furnished  by  the  consumers,  and  therefore  a  large  amount 
of  capital  was  unnecessary. 

These  conditions  gradually  changed  however;  the  restric- 
tions with  regard  to  lending  money  broke  down ;  stores  of  the 
precious  metals  were  discovered,  towns  became  less  isolated, 
while  capital  became  more  and  more  necessary  for  carrying 
on  wars  and  for  other  purposes.  The  goldsmiths  started 
banking  business,  and  banking  firms  gave  interest  to  small 
depositors. 

The  earliest  borrowers  were  kings,  the  money  being  expended 
generally  upon  wars,  and  to  a  smaller  extent  on  Public  Works. 
In  this  way  arose  the  National  Dabt.     At  the  time  of  (tie 
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Revolution  in  1688,  the  National  Debt  was  only  ;£666,40o; 
a  terminable  annuity,  charged  upon  certain  branches  of 
revenue ;  increasing  after  the  Ten  Years'  War,  it  amounted  to 
;£^I4'5  millions  in  1697;  at  the  end  of  the  reign  of  Queen 
Anne  it  stood  at  £^6i  millions,  while  at  the  present  time 
it  is  about  ;^8oo  millions.  The  early  rate  of  interest  was 
high,  but  gradually  it  has  become  less,  while  attempts  have 
been,  and  are  being  made  to  reduce  the  amount  of  the  debt 
by  sinking-funds  and  other  means.  Examples  on  page  504 
furnish  illustrations  of  this. 

In  addition  to  the  money  invested  in  all  the  securities 
comprised  in  the  National  Debt,  money  was  invested  in  various 
companies. 

The  earliest  companies  were  known  as  Regulated  Companies, 
each  member  trading  on  his  own  capital,  but  observing  certain 
rules  (somewhat  similar  to  the  Stock  Exchange  at  present). 
The  members  could  compete  against  one  another;  but  the 
membership  offered  much  prestige,  and  many  advantages  with 
respect  to  tolls,  customs,  and  recovery  of  debts. 

Later,  many  of  the  Regulated  Companies  became  converted 
into  Joint  Stock  Companies.  A  Joint  Stock  Company  is  a 
single  corporation,  with  one  capital,  and  trading  as  a  sii^le 
individual.  The  most  famous  of  the  early  Joint  Stock 
Companies  was  the  East  India  Company,  formed  as  a 
Regulation  Company  in  1600,  and  afterwards  converted  into 
a  Joint  Stock  Company,  as  the  distance  to  the  East  Indies 
made  the  risk  of  trading  too  great  for  a  single  individual. 
Other  well  known  companies  were  started,  but  not  with  quite 
the  same  success. 

The  "  South  Sea  Bubble  "  was  founded  to  trade  with  Spanish 
America,  in  the  hope  that  large  profits  might  be  made  from 
the  slave  trade  and  the  whale  fishery.  In  April  1720  the_;£ioo 
shares  of  the  Company  stood  at  ;£i2o,  in  July  at  ;£ioia,  but 
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eventually  became  practically  worthless.  The  company  being 
Joint  Stock,  each  member  was  liable  for  the  debt  of  the 
company;  many  thousands  of  people  were  ruined  by  the 
bursting  of  the  "  Bubble,"  and  shortly  afterwards  it  was  made 
illegal  to  form  companies  with  transferable  shares,  unless  the 
company  was  incorporated  by  Royal  Charter.  In  these  new 
companies  members  were  only  liable  for  their  contributions 
to  the  Share  Capital.  Later,  companies  of  this  kind  were 
abolished,  and  Joint  Stock  Companies  became  again  all 
prevalent;  but  in  1855  public  opinion  once  more  deemed 
Limited  Liability  reasonable,  and  now  there  exists  a  very 
large  number  of  Limited  Liability  Companies,  in  which  the 
individual  member  is  not  responsible  for  the  debts  of  the 
company,  bis  responsibility  ceasing  entirely  when  once  his 
shares  are  fully  paid  up. 

With  reference  to  various  companies  and  stocks,  the 
following  terms  may  be  noted  in  addition  to  "Joint  Stock 
Company"  and  "Limited  Liability  Company": 

Ordinaxr  Stock.  When  the  capital  of  a  company,  or 
amount  of  loan,  is  divisible  for  the  purpose  of  sale  into  amounts 
denoted  by  their  nominal  money  value,  it  is  spoken  of  as 
Stock.  Thus  Consols  are  Stock.  Sometimes  any  amount  of 
Stock  can  be  dealt  in ;  e.g.,  you  may  buy  or  sell  :£68.  ly.  ^d. 
nominal  of  Consols;  in  other  cases,  dealing  can  occur  only 
with  multiples  of  j£\,  £,^,  and  so  on. 

Shares.  When  the  capital  is  divided  into  a  certain  number 
of  parts,  these  parts  being  indivisible,  then  these  parts  are 
known  as  BharoB. 

Preference  Stock  is  stock  that  has  priority,  or  preference, 
over  ordinary  stock,  not  only  with  regard  to  dividend,  but  also 
on  liquidation. 

Bonds  are  documents,  in  which  the  issuer  promises  to 
pay  a  sum  of  money  and  interest  at  some  timc^  either  fixed  in 
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advance,  or  by  drawing  by  ballot  the  number  of  the  bond 
(according  to  the  terms  on  issue). 

Debentores  are  bonds,  the  repayment  of  which,  together 
with  interest,  is  secured  by  a  charge  upon  the  assets  of  the 
company  which  issues  the  Debentures. 

Scrip  (short  for  Scrip  Certificates)  are  provisional  docu- 
ments which  are  issued  by  companies  and  others,  as  evidence 
that  the  holder  is  entitled  to  receive  stock,  bonds,  etc.,  when 
issued. 

In  1694,  the  Stock  Exchange  came  into  existence,  by  means 
of  which  people  might  exchange  their  money  for  Stock,  or 
stock  for  money.  In  fact,  the  Stock  Exchange  was  then,  as 
now,  a  Market  in  which  various  shares  or  stock  are  bought  or 
sold ;  these  shares  or  stock  are  virtually  sleeping  partnerships. 

To  the  Stock  Exchange  market  ordinary  people  may  not  go  : 
their  transactions  are  effected  by  intermediaries  or  agents, 
known  as  Stock  Brokers,  and  through  them  with  buyers  or 
sellers  known  as  Jobbers.  These  dealers  or  jobbers  are 
generally  willing  to  sell  or  to  buy,  but,  as  in  all  other  cases 
with  people  who  buy  or  sell,  the  two  prices  are  different ;  i.e. 
the  jobbers  are  willing  to  sell  stock  at  one  price,  but  only  to 
buy  at  a  slightly  lower  price. 

Examples,  furnished  from  extracts  from  a  daily  paper: 

(a)  "Consols"  (ij%)       90^     90^. 

{6)  "Brighton"  134     136. 

{<r)  "  Aerated  Bread "         6%      6|. 

(a)  Means  that  the  jobbers  offered  to  sell  to  the  brokers 

_£ioo  Consols  (note  carefully  ^100  Consols  does  not  mean' 

j£ioo  money)  for  £^0^  sterling,  or  offered  to  buy  each  ;^ioo 

Consols    for    £^<i\    sterling,   and    that    the    holder   of   each 

^100   Consols  receives  dividend  at   the  rate  of  ^z^   per 

annum. 
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(S)  Means  that  jobbers  ofFered  to  sell  Brighton  Railway 
Stock  at  ^136  sterling  for  every  ;£ioo  stock,  or  to  buy 
Brighton  Railway  Stock  and  pay;^i34  for  every  ^100  Stock. 

(c)  Means  that  for  one  share  in  the  Aerated  Bread  Company 
a  jobber  asked  ;^6f,  but  that  for  one  share  he  only  offered 
to  pay  £6^. 

EZEBCISES  XCVm.  a. 
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British  Funds. 

Consols  zj  per  cent. 

■   90J 

90 

Ditto,  May  Account    - 

■   90A 

9ott 

New  Transvaal  Loan 

-      99S 

99 

Local  Loans  3  per  cent.  ■ 

■      99i 

99 

India  3  per  cent.     - 

-      96f 

96 

Ditto,  2I  per  cent 

-      8.J 

81 

Ditto,  3i  per  cent. 

■    io5i 

105 

Rupee  Paper  3^  per  cent. 

-      Ml 

66 

Irish  Land  Stock    - 

-      92J 

92 

National  War  Loan  2  j  per  ce 

t.     .      98S 

98 

Water  Board  3  per  cent.  Stoc 

■      95J 

95i 

Foreign  Governme 

NT  Stock. 

Argentine,  1886      - 

-      I02i 

103 

Buenos  Aires  Waterworks  5  pe 

rcent.    loaj 

102 

Brazilian  4  per  cent.,  1889 

•     87 

87 

Ditto,  West  of  Minas- 

•     <Ki 

99 

Chillan,  1896,  5  per  cent 

-    looj 

101 

Chinese  5  percent.,  1896 

-     103 

103 

Ditto,  5  per  cent.  Railway  I 

oan  -     io2i 

103 

Egyptian  Unified   - 

.     106 

106J 

French  S  per  cent.  Rentes 

-      97 

99 

German  3  per  cent. 

-      86 

8^ 

Greek  4  per  cent.  Monopoly 

-      53i 

54 

Italian  5  per  cent,  taxed 

-    ,o4i 

mi 

Japanese  6  per  cent.,  1904 

lOli 

Ditto,  6  per  cent  (Second 

Series)  loc^ 

lOll 
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Home  Railways. 

Brighton         -        -        -        - 

134 

136 

Ditto,  Defen^d  - 

.20J 

laij 

Caledonian     .        -        -        . 

i.oj 

ii.J 

Ditto,  Deferred    - 

36i 

37 

Central  London 

■»J 

9.i 

Chatham  and  Dover 

■SJ 

■Si 

Ditto,  and  Preference  - 

6oi 

<i>i 

Fiimess  Ordinary  - 

63 

66 

Great  Central  Preference 

39t 

39l 

Canadian  and  Foreign  Railways. 
Anto&gasta  and  Bolivia  -         -     231       2: 

B.A.  Great  Southern,      .        -        -     137       i- 


Miscellaneous. 
Aerated  Bread 
AUsopp  New  Ord.  - 

Ditto,  Pref, 
Anglo-American  Tele.  Ord. 
„   Pref. 
„  „  „    Def. 

ApoUinaris     ■ 
Armstrong,  Whitworth  - 


23J      34 
6i        7i 


MINING   MARKET. 


Anglo- French  - 

-    «5     2 

Kleinfontein     - 

If 

'3 

Boksburg 

-    U    \i 

Knights    - 

3j 

3l 

Bonanza  - 

I^nglaagte 

^i 

2| 

City  and  Sub.  - 

-    4i      4J 

May  Consolidated 

=u 

m 

ModderfontciD  - 

74 

71 

Dgitiz^dbv  Google 


496  A   MODERN   ARITHMETIC 

Use  the  foregoing  list,  and  lind  ; 

1.  What  would  be  the  price  asked  for  by  a  jobbei  in  British 
Funds  for 

(a)  ^1500  Indian  3  per  cents. 
(*)  £2300  Irish  Land  Stock, 
(c)  ^1200  Water  Board  3%  Stock. 

2.  What  a  jobber  would  offer  to  pay  for  the  following  Foreign 
Government  Stock  ; 

(a)  ^2350  Argentine,  1886. 
(*)  £4roo  Chilian,  1896,  5  %. 
(c)  ^5000  French  5  %  Rentes, 

3.  (a)  If  a  jobber  buys  and  sells  1760  shares  of  the  Aerated 
Bread  Co.  as  above,  what  profit  he  makes  by  the  transaction. 

(d)  What    is   the   difference  between   the  buying   and   selling 

(i)  2760  shares  in  Apollinaris  P 
(ii)  3725        „        Armstrong,  Whitworth? 
(iii)  160  mining  shares  in  the  Bonanza? 

Broknage  and  other  ChameB. 

Since  the  dealings  with  a  jobber  are  always  conducted 
through  an  intermediary  stock-broker,  certain  charges  must  be 
paid,  whether  for  selling  or  for  buying  stock.  These  charges 
vary  with  the  value  of  the  stock  or  share.  They  are  r^ulated 
partly  by  competition,  partly  by  custom  ;  generally  they  are : 
J%  in  the  case  of  Consols,  i.e.  ;£^  for  every  ;£ioo  stock 
bought  or  sold  ;  2  %  in  the  case  of  railway  stock  ;  jrf.  per  ;£i 
share  (nominal)  in  mining  shares.  In  addition  to  these  com- 
mission fees,  further  charges  are  incurred,  as  will  be  evident 
from  the  procedure  described  below. 
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The  stock  is  bought  from  the  jobber  by  the  broker,  and 
on  a  certain  day  a  Transfer  Deed  is  prepared  by  the  broker, 
showing  that  the  actual  seller  (the  holder  of  the  stock  at 
present)  is  to  transfer  the  stock  to  the  buyer;  and  within 
10  days  after,  the  buyer  has  to  pay,  and  the  transfer  deed 
is  delivered.  This,  after  being  signed  by  the  buyer,  is  sent 
back  to  the  broker,  who  sends  it  on  to  the  company  whose 
stock  or  sJiares  have  been  purchased;  they  note  the  transfer 
and  send  the  certificate  back.  For  the  transfer  deed,  a 
small  amount  is  paid,  and  certain  stamp  duties,  varying 
with  the  amount  of  the  transfer  and  its  value.  In  the 
following  examples  no  account  is  taken  of  stamp  or  transfer 
duties : 

Example  i. — find  thf  cost  of  buying  ^5  700  stock  .  n  Chwese 
5%,  1896;  103-103J.     ^rokfragt\%. 

Here  j^ioo  stock  is  boOght  from  the  jobber  for  £ioi\ 
money;  the  broker's  fee  bring's  its  cost  up  to  {^£103^  +  ;^^) 

.".  the  cost  of  £i-}oa  stock  =  ;^"^^  x  103I  money 

Example  2. —  What  amount  of  French  5%  Rentes,  97-99, 
€an  be  purchased  for  ^,"3980?  What  yearly  atUide?id  would  the 
haider  lie  eniitled  to,  and  what  would  be  the  rate  of  interest 
received  on  his  mmey  f     Brokera^  \  % . 

Here  ^{99 +J)  looney  would  purchase  ^lotf  Rentes^ 
yielding  ^5  yearly, 

■'■  JC3980  would  purchase  £\aQv.'^-^    Rentes,  yielding 

99-S  '       ' 
.'.   the  .amount  is  jC^<SOo  Rentes  and  the  income  ^^200' 
yearly. 
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Example  3. —  IV^t  change  of  income  would,  be  occasioned  to 
an  investor  on  selling  ^10,000  Chilian  5  %  stosk,^  ipoj-ioi^, 
and  investing  the  proceeds  in  Japanese  6%,  ipi-ioij,? 
Brokerage  J  %  iwf  each  transaction. 

On  the  sale  of  ;^io,ooo  Chilian  5  %, 

£{iQO^]i)-^—^  money, 

i.e.  £j\a,Q2^,  would  be  received. 
The  income  on  this  if  invested  in  Japanese  6  %  -^uld  tie 
^    IO0I5       ,  .       ^6ort;o    . 

The  income  originally  was  ^-^ x  5,  or.  3^500. 

The  change  =  ;^9i.  y.  id. 

EZEBOISES  XC/nL  b. 

Find  the  cost  or  proceeds  of.  the  fo'ilowing  transactions- (brokerage. 
i%  in  all  cases): 

1.  Buying  ^i  230  Consols  aX  91 1_|. 

2.  Selling  ^580  L.  &  N.  W.R.  at.  143^-4. 

3.  „       ^loooG.E.R.  at  104-105. 

4.  Buying  ^20,000  G.W.R.  at, II4H- 

6.  „       £1180  Consols  at  gi^-f. 

a.  Selling  ^380  L.  &  N.W.R.  at  143-145. 

7.  Buying  j£420oG.E.R.  at  B;i-88. 

8.  Selling  £6000  Argentine  at  741-^. 

9.  Buying  ^980  Stock  46J-i. 

10.    Selling  £10,000  Stock  at  981-99. 
U.        „       £1120       „       atiiaH. 

12.  Buying  £6000       „       at  96i-|. 

13.  Find,  correct  to  3  places  of  6  ^^^^^^^  ,j,g  „^  ^SLte  per  oeM. 
per  annum  on  the  money  investe-  j  j^  ,te  foHowir^  ass«imijit  tbe 
full  dividend  paid  (brokerage  ne  ^,^^^  ^  ^^  ,^,j . 
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Colonial  Government  Secukities. 


stocks. 

ClBin 

P.i™. 

<•>) 

Canada  3%  Reg.      - 

97i 

98J 

<«) 

CapdofG.H.  3j%liis.     ■ 

97i 

98* 

w 

Natal  3  %  Ins.  - 

86J 

S7i 

(A 

N.S.W.  3j%.  1934    -        - 

99i 

■ooj 

(.<) 

„       3ZIn«.    '    •        - 

89 

90 

W 

N.  Zealand  4  %  Ins,  - 

107 

109 

« 

3iZIni.         ■ 

lot 

102 

(*) 

3ZI".-        - 

M 

9ot 

« 

Queensland  3  %  Ins. 

88i 

89* 

U) 

Rand  Water  Board  4%    - 

9S 

97 

m 

S.  Australia  4  %,  1916-36  - 

io,t 

real 

» 

Tasmania  3^%  Ins.  - 

(»,) 

Victoria  34  %  Ins.      - 

.ooj 

.0,} 

<») 

3%  Ins.       - 

90 

9' 

<•) 

W.  Australia  3  %,  191 5-35  - 

87* 

88* 

14,  Find  the.  change  in  the  mconie  due  to  selling  out  from  the 
stocks  in  the  table  in  Ex.  13,  and  reinvesting  as  follows,  assuming 
brokcEage  J  %  in  each  case  : 


(a)  ^12,000  Canadian  3  % 

(b)  £2%floo  N.  Zealand  4  % 
(£>  ^56,000  Tasraanian  3^  % 

4rf>  ^19,500  N.S.W..  3% 

(«)  Iz^cM  Natal  3  % 
CO  ^12,250  Cape  of  G.H.3j% 
ig)  ^235»  Canadian  3%. 
(-S)  ^36,000  Queensland  3% 

(0  /iJ.SOO  New  Zealand  3  % 
(^)  ^80,000  Rand  Water  Board    „    New  Zealand  4  %. 
State  your  answer  to  the  nearest  shillinE;. 


,toN.S.W.3i%. 
„    W.  Australian  3  %. 
„    Victorian  3  %. 
„    Rand  Water  Board  4  %. 
„    Victoria  3  %. 
„       3  %■ 
„    C8peofG.H.3i%. 
„    New  Zealand  3  %. 
„    Queensland  3  %. 
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15.  The  yield  per  cent,  on  the  money  invested  in  the  following 
Indian  Railway  Companies  is  stated  below ;  find  the  price  to  the 
nearest  shilling  of  the  stock  : 


DLvLdend 

Price 

(«) 

Assam  Bengal  - 

.^3 

£i-  y-  lod. 

m 

East  Indian 

£a 

£2.  i^f.    3^- 

M 

Madras     - 

£s 

U    (w-    6rf. 

i<n 

Southern  Mahrattas  - 

£s 

£4.  iSs.    od. 

M 

Gt.  Indian  Peninsula 

£^ 

l-i-iis.    5^ 

00 

Bombay,  Baroda 

£s 

^3.    6j.    od. 

16.    What  was  the  percentage  declared  on  the  following  Railway 


Stock,  if  the  r: 
accompanying  table? 


n  the  money  invested  v 


SiKk. 

'fSl- 

Dividend 

Yield  per  cent. 

M 

Great  Western  - 

■3St 

£l.  i<^.  od. 

(*) 

Brighton  Def.    - 

£4.    7s.6d. 

(') 

Lane,  and  York. 

105 

£3.  10s.  od. 

('() 

Midland  Def.     - 

67 

£3.  m.od. 

(<) 

North-EasterD  - 

140 

£3.  17*-  f>d. 

(/) 

North- Western  - 

■  S6 

Cy  i9f.  od. 

tr) 

South-Western  Def.  - 

SH 

£i.\Ss.bd. 

17.  State  equivalent  percentage  returns  on  the  stocks  (a)  to  (/) 
(all  supposed  of  the  same  security) :  and  find  the  equivalent  %  on 
stock  at  the  prices  given  on  the  right. 

(a)  aj  %  ;  price  of  stock  no, (i 

«    !%!       „        ,.       "SS (i 

M     3«1         ,.         .,  44, (i 

W     9% 98, <i 

■   (')  7!  %  !         „         „         100, (i 

(/);S3.llt.9«'.!i!   ,.         too (i 


)  160.  (ii)  220. 

1)100,  (ii)77l,  (iii)248. 

i)ioo,  (ii)8oi,  (iii)iio. 

i)  66,  (ii)  132. 

i)V.  (ii)73|.  (iii)93!. 

i)7S|,  (ii)iio,  Oii)l6S. 
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18.  A  Forest,  Land  &c.  Co,  advertises  for  subscriptions  for 
450,000  six%  Preference  Shares  of  ^i  each,  400,000  five%  First 
Mortgage  Debentures  of  £i,  and  a  certain  number  of  Ordinary 
Shares. 

If  the  gross  profits  be  estimated  at  j£a38,ooo,  and  if  from  this 
there  be  paid  out  for  general  expenses,  reserve  fund,  etc.,  the  sum 
of  ^158,000  (not  including  interest  on  Debentures),  and  if  the 
interest  on  the  Ordinary  Shares  be  estimated  at  1 1  %  on  the  nominal 
capital,  how  many  of  such  shares  are  offered  for  subscription  ? 

19.  A  Motor  Car  Company  offers  for  subscription 
100,000  seven  %  Preference  Shares  of  £1  each   ;£ioo,ooo 
100,000  Ordinary  „  „  ^100,000 

^200,000 

The  Company,  although  it  anticipates  a  profit  of  yd.  per  mile 
run  per  day,  is  content  to  estimate  a  profit  of  2rf.  per  mile  per  day, 
with  tuns  of  100  miles  per  day,  for  each  of  100  motors,  and  an 
average  of  300  days  to  the  year.  It  allows  .£3000  for  administrative 
expenses.  Calculate  the  net  estimated  profits  ;  also  what  approxi- 
mate dividend  could  be  declared  on  the  Ordinary  Shares  if  .£5000 
be  put  by  as  a  reserve  fund. 

20.  On  a  Company  being  floated,  a  man  receives  an  '  option '  for 
the  'call'  of  3000  shares  at  i|  within  3  mo.  When  the  shares 
stand  at  ijJ-2,  the  man  exercises  the  right  of  his  option,  and 
sells  3000  shares  at  the  market  price.  The  shares  necessary 
for  the  sale  are  supplied  by  the  Company  in  accordance  with  the 
terms  of  the  option.  What  does  the  man  make?  (Brokerage 
3rf.  per  share  for  the  sale.) 

M.B.—Thc  '  call '  entitles  the  receiver  of  it  to  the  right  of  calling 
upon  the  giver  to  sell  to  him,  within  or  at  an  agreed  time  in  the 
future,  at  an  agreed  price,  a  certain  number  of  shares. 

21.  What  does  a  man  make  by  exercising  his  option  for  a 
call  at  2j  for  2500  shares,  when  the  shares  stand  at  2{S~^}^it 
if  be  has  paid  £tix>  for  the  option,  and  if  brokerage  be  estimated 
at  3(/.  per  share  on  the  sale  ? 
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22.  A  man  pays  ^120  for  ihe  option  of  a  '  Put,'  i.e.  for  the  right 
to  call  upon  the  giver  of  the  option  to  buy  from  the  receiver,  at 
an  agreed  time  in  the  future,  a  definite  number  of  shares,  or  a 
definite  amount  of  stock,  at  a  fixed  price.  The  option  is  for  3600 
shares  at  ij  ;  the  option  is  exercised  when  the  price  of  the  shares 
in  the  open  market  is  ii's-i'^'  What  is  the  gain  or  loss  due  to 
the  eitercising  of  the  option  (brokerage  yi.  per  share)? 

23.  " "  Tramways  and  Carriage  Company.     For  the  year 

1905  the  gross  receipts  were  ;^356,74i  and  the  expenses  ^171,661. 
A  dividend  at  the  rate  of  9i  per  cent-  per  annum  is  proposed  for 
the  last  half-year,  making,  with  the  interim  of  8^  per  cent,  per 
annum,  9  per  cent,  for  the  year.  (An  interim  dividend  is  one 
declared  in  the  middle  of  a  working  year.)  The  sum  of  ^13,053 
is  added  to  the  reserve  fund. 

If  the  balance  wa*  used  up  in  paying  dividend,  what  was  the 
share  capital,  and  what  was  the  sum  paid  as  dividend  the  first 
half-year  ? 

24.  Great  Central  and  Midland  Three  and  a  Half  Per  Cent 
Guaranteed  Stock.  Issue  of  ^1,000,000.  Messrs.  Glyn,  Mills, 
Currie  &  Co.,  as  bankers  of  the  Joint  Committee,  are  authorized 
to  receive  subscriptions  for  the  Stock  at  the  price  of  ^103  per 

Payable  on  application 5  per  cent 

On  allotment  (the  premium  of  ^3  and  an  instalment 

of  ^20  of  capital)  -        -        -        -        -        -  23  „ 

„    15th  May,  1906 2S  » 

„    ijth  August,  1906 35  .. 

„    I  sth  November,  1906 3S  11 

£103 

A  man  buys  stock  calculated  to  yield  him  £2y>  per  year  ;  what 
are  his  several  instalments? 

26.   "R.  andj.  H ."    The  accounts  show  a  profit  of  £19,348 

on  the  year's  trading,  and  an  available  balance  of  £15,683.    The 
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s  recDimnend  ttiM  £\2yt  be  added  to  the  reserve  account, 
that  a  dividend  be  paid  at  the  rate  <rf  4  per  cent,  per  annum,  and 
that  tbebaiance,  ^1356,  be  carried  forward 

What  was  {a)  the  share  capital,  (A)  the  market  price  of  a  ^i 
share  ;  if  the  interest  earned  on  the  actual  money  invested  was 
4j%?  <The  payment  to  tlie  reserve  account,  together  with  the 
amount  carried  forward,  is  taken  from  the  available  balance.) 

26.  London  Electric  Supply.  The  quantity  of  electrical  energy 
sold  in  1905  amounted  to  13,042,932  units,  producing  a  net  revenue 
^  .^78i72l-  From  this  a  sum  of  ^30,000  was  carried  to  reserve 
accounts,  and  .£3141  carried  forward.  The  directors  proposed  a 
dividend  of  4  per  cent. 

What  was  the  ia)  share  capital,  ib)  the  net  profit  per  unit  ? 

27.  Hatrod's  Stores.  The  directors  recommend  a  dividend  of 
15  per  cent,  and  a  bonus  of  2  per  cent,  for  the  six  montJis  ended 
January  31,  which,  with  the  interim  dividend,  will  make  22  per  cent. 
for  the  year,  leaving  ^22,261  to  be  carried  forward. 

Find  the  net  interest  received  for  the  year  on  the  money  invested 
by  a  buyer  of  the  £1  share  at  the  current  price.  Harrod's  Stores 
4J-43.     (Brokerage,  (xi.  per  share.) 

28.  A  mine  is  estimated  to  give  a  net  profit  of  ^'i^oo  yearly  for 
20  years.  The  owners  endeavour  to  float  a  company  with  a  certain 
number  of  £\  shares.  How  many  shares  should  be  issued,  on  the 
understanding  that  the  yearly  profit  will  be  enough  to  repay  the 
money  invested  at  the  end  of  20  years,  with  interest  at  the  rate  of 
5  %  per  annum  ? 

(N.B~—X  yearly  payment  of  £8.  os,  jfii  for  20  yeais  would 
repay  £100  with  the  interest  thereon  at  s  %  pw  annum.) 

29.  Home  and  Colonial  Stores.  The  net  profits  for  the  year 
amounted  to  ^133,419,  which  with  the  balance  brought  forward 
makes  £i^i,(i7<).  The  sum  of  ^13,3411  being  10  per  cent,  of  the 
net  profits,  has  been  added  to  the  reserve  fund.  After  due 
payment  of  the  dividend  on  the  15  per  cent,  cumulative  ordinary 
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shares,  the  directors  propose  a  dividend  of  15  per  cent  per  annum 
on  the  A  shares,  leaving  ^1838  to  be  carried  forward. 

Find  the  total  share  capital  (cumulative  ordinary  together  with 
the  A  shares). 

Many  attempts  have  been  made  at  reducing  the  National  Debt 
and  interest  thereon,  as  shown  by  the  following  exercises  : 

30.  In  1822,  ^152,422,143  Five  per  cents,  was  converted  into 
Four  %.  ^2,794,276  was  paid  off  to  those  people  unwilling  to 
accept  the  reduction. 

^100  of  the  5  %  was,  however,  c 
Find  the  yearly  saving  to  the  count 

31.  Find  the  yearly  saving  on  thi 
of  Ireland  5  per  cents,  into  4  per  cent! 

32.  In  1824,  5  per  cents,  issued  i 
3  per  cents.  £133.  6s.  id.  3  per  cen 
in  5  per  cents. 

The  amount  of  5  %  stock  was  ^1,013,668. 
The  amount  held  by  dissentients  ^41,011. 
Find  the  amount  of  interest  saved. 

nnuities   were   exchanged   for   ;£loo 
for  ^70  Five  per  cents. 
^153,671,091. 
^2,880,915  (paid  off). 
3i%  was  ^150,1 19,609. 


ted  into  ;f  105  of  the  4  %. 
of:£r,iS3,846Bank 


7,  were  converted  into 
s  given  for  each  ^100 


33.  In   1830,  4  per  ct 
Three  and  a  half  per  ceni 

The  amount  of  the  4  % 
The  amount  held  by  di 
The  amount  converted  i 
Find  the  yearly  saving. 

34.  What  was  the  effective  rate  per  cent,  of  a  loan  of  36  millions 
of  pounds,  issued  in  1815,  when,  for  ^100  sterling,  ^174  stock  at 
3  %  might  be  obtained  together  with  ^10  stock  at  4  %  ? 

35.  Draw  graphs  showing  the  fluctuations  in  ihe  highest,  and  in 
the  lowest  prices  of  Consols  : 

{a)  From  ia38-l847  inclusive  ;      (b)  from  1848-1857  inclusive ; 
{c)       „       185B-1867  „  (rf)      „     1868-1877  „ 

using  the  data  in  the  accompanying  table  : 
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Cunaols. 

c™^   1 

H>Kb»'. 

I^wut. 

Hiehai. 

Lo™t 

1838 

9si 

90S 

1858 

981 

93l 

1839 

93S 

»9t 

1859 

97i 

88J 

18*. 

93l 

8!i 

i860 

9S| 

92J 

18,1 

9oi 

mi 

1861 

94j 

89 

184! 

94J 

88J 

1862 

941 

9oi 

■843 

97; 

92! 

.863 

94 

90 

1844 

lOI'J 

96! 

1864 

92 

«7j 

.84! 

,00! 

•)•', 

186! 

91! 

861 

.846 

97j 

94 

1866 

908 

84! 

1847 

93S 

78i 

1867 

963 

89} 

1848 

90 

80 

1868 

96I 

915 

1849 

98i 

88S 

1869 

941 

9.i 

.8so 

983 

94? 

1870 

94i 

88i 

1851 

99J 

9!S 

1871 

94 

912 

I8sa 

102 

955 

1872 

93^ 

9ii 

i8S3 

10: 

90I 

1873 

94 

91S 

1854 

9Sj 

8Sl 

1874 

93i 

91* 

.8si 

93i 

«6J 

187S 

9!i 

91S 

,856 

9!i- 

»! 

1876 

97j 

93t 

■  85? 

94i 

86 

1877 

973 

93 

70.  STATISTICS. 
Averages. 
The  term  arithmetic  average  or  mean  has  already  been 
employed  many  times,  and  is  the  name  given  to  the  result 
which  is  obtained  when  the  sum  of  a  number  of  quantities  is 
divided  by  the  number  of  such  quantities.  Two  other  means 
are  occasionally  employed,  thus:  Suppose  there  are  8  quan- 
tities, the  numerical  values  of  which  are  3,  5,  4,  6,  3,  8,  2,  6. 

The  arithmetic  mean 
-sum-H  number  =  l[3  +  s-l-4-l-6  +  3  +  8  +  2  +  6}=-\'^  =  4-6is. 
The  geometric  mean 

=  y3x5x4x6x3x8>;2x6-  ^103680. 
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The  use  of  logarithms  shows  the  value  to  be  4-23606,  and 
generally,  if  n  be  the  number  of  quantities,  their  geometric 
mean  is  the  alh  root  of  their  product. 

Again,  suppose  the  reciprocal  numbers  be  employed,  a  mean 
can  be  obtained  as  follows  : 

The  reciprocal  of  the  arithmetic  mean  of  the  reciprocals  of 
the  quantities  =i(i,  1,1,1,1 


*i 


The  result,  or  hazmonic  mean  ^ 


■075 


As  theoretical  quantities,  the  meanings  of  the  above  results 
are  clear  enough,  but  in  common  parlance  the  word  average 
is  used  in  a  very  wide  sense. 

The  following  examples  afford  material  for  the  calculation 
of  different  means  and  also  of  various  other  averages. 

—  TAg   weekday   trains  between    Waterloo  and 
■  below.      What  is  tie  average  duration  of  tk 


Fblt. 

■    4-35 

4-49 


Example 

Fellham 

rtm 

journey 

FBI 

u 

715 

8.1 
8.^ 

9.15 

9-30 
10.  5 

la 
10.1 

10.5 

745 

&10 

S-3! 


6.5 
6.26 
6.5s 


;t:s  i 


Fblt. 

Wloo 

4.45  a.m. 

S.46 

5-5' 

6.48 

6.46 

7-44 

7-53 

8.31 

8.1S 

S.52 

S.3. 

9.19 

9-  3 

9.34 

9,37 

10.17 

9.41 

10.30 

10.23 

11.  6 

10.30 

11-23 

11.52 

"MS 

1-3" 

MS 

2.  7 

"■39 

1-54 

3^6 

3-  4 

3-44 

3-'! 

4-  4 
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The  actual  times  in  minutes  are : 

47,  56.  49-  54.  47.  4i-  49-  42t  S-^t  S^.  5^-  40>  So.  40.  37. 

54,  40,  4°.  39.  42,  so.  42.  SO.  36.  44.  =5.  39-  47.  34.  48, 

40,  50,  40,  49,  38,  52,  35,  28,  47,  61,  57,  58,  38,  34,   48, 

31,  50,  48.  43-  S3-  51.  43-  38-  49.  33-  5^.  4o,  S3.    37.   39. 

50.  41.  39,  SO.  4'.  S°.  37,  51.  42.  51.  36.  S*.  41.    54- 
Analyse  the  results  as  below : 


Duration  of  JDurney,   - 

|as|*8 

'■ 

33 

3, 

« 

3. 

37 

38 

tnin^tes. 

No.  of  .rains,      -        - 

1  ■  [  I 

1 

I 

1 

3 

3 

3 

Totals.       - 

I'l^ 

3 

4 

6 

7 

io 

13 

16 

J9 

40 

41 

4» 

43 

44 

47 

48 

49 

minutes. 

No.  of  trains,     ■ 

4 

7 

4 

4 

2 

1 

4 

3 

4 

Totals,       .        -        - 

20 

27 

31 

'' 

" 

3« 

41 

45 

49 

Duration  of  journey,   - 

SO 

SI 

5= 

53 

54 

S* 

57 

58 

61 

minates. 

No.  of  trains,      - 

9     3 

4 

2 

3 

I 

I 

1 

I 

Touts,       - 

ssUt 

65 

67 

70 

71 

7* 

73 

74 

The  arithmetic  average 

=-{25  +  28-H3H-33-l-(2X34)  +  35  +  (3X36)  +  (3X37) 
+  (3  X  38)  +    (4  t  39)  +  (7  X  40)  +  (4  X  4  0  +  (4  X  42) 
+  (2x43)+    44  +  {4X47)  +  (3X48)  +  (4X49) 
+  (9X5o)  +  (3x5r)  +  {4X52)  +  (2XS3)  +  (3xS4) 
+  56  +  57-^58  +  611-74 

(74  being  the  number  of  trains) 

=  (25  +  38  +  s  I  +  33  +  68  +  35  +  108  +  1 1 1  +  1 14  +  IS6 
+  280+164+168  +  86  +  44  +  188+144+196+450 
+  153  +  2o8  +  106  +  162  +  56  +  57  +  58  +  6i)  +  74 

=  3310  +  74 

=  44-7  nearly. 
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Thus  the  arithmetic  average  time  is  44-7  min.  No  single 
train  is  timed  exactly  to  this — limes,  however,  are  not  given  to 
fractions  of  minutes. 

The  calculation  of  the  geometric  mean  is  too  long  to  be 
employed  often  in  cases  of  this  kind.  For  certain  purposes 
it  is  more  useful  to  take  the  mode  than  the  arithmetic 
average,  i.e.  the  time  which  most  trains  take,  or  the  most  com- 
mon time.  9  trains  take  50  minutes  on  the  journey,  7  take 
40  min.;  these  are  the  times  occurring  most  frequently,  and 
the  mode  =  50  min. 

Perhaps  more  generally  useful  than  either  the  arithmetic 
average,  or  the  mode,  is  Che  median,  a  number  calculated 
as  follows :  There  are  74  train  journeys ;  arrange  them  as 
above  in  order  of  magnitude.  It  is  seen  from  the  line  marked 
'  totals '  that  there  are  36  trains  taking  more  than  44  minutes, 
and  37  trains  taking  less ;  also,  that  there  are  35  trains  taking 
less  than  43  minutes,  and  37  trains  taking  more,  and  the 
median  lies  between  43  and  44  minutes. 

If  a  graph  be  drawn  it  shows  that  practically  there  are  two 
groups  of  trains,  ''  fast "  and  "  slow." 

Example  2. —  The  following  table  gives  the  times  of  the  trtdns 
from  London  to  Runcorn  {Cheshire).  Find  the  arithmetic 
average,  the  mode,  and  the  median. 

Runcorn  (Cheshire)  from  Euston,  1 8oi  miles. 


7.25 
8.45 
10.30 


2.46 
4-34 
6.39 
7-35 
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The  times  in  minutes  of  the  19  journeys  are :  285,  276,  280, 
270.  237.  298.  29'.  270.  497i  330i  275,  295,  285,  291,  263, 
264,  256,  246,  495. 

Arrange  the  times  in  ascending  order,  thus :  237,  246,  256, 
263,  264,  270,  270,  275,  276,  280,  285,  285,  291,  291,  295, 
29«.  330.  495.  497- 

The  arithmetic  average  =  -ifg-i  =  300' 2  minutes. 

Note  the  great  effect  of  the  two  very  slow  trains;  without 
them  the  arithmetic  mean  would  be  277-2  nearly. 

The  Mode  =282  minutes.  There  are  two  journeys  of 
270  min.,  two  of  285  and  two  of  291, 

The  Median  is  the'time  such  that  the  number  of  longer  times 
is  the  same  as  the  number  of  shorter  tinies=ioth  in  above 
arrangement  =  280  min.,  and  is  not  much  affected  by  one  or 
two  abnormal  times. 

Example  '^.■~-The  volumes  and  dimemtons  of  ten  cubes  are 
measured,  and  found  to  he  as  follows :  volumes  in  cc.  1-03,  i-i6, 
1-52,  1-03,  I-I9,  1-73,  1-29,  1-73,  1-44,  1-23;  ed^s  in  an.  i-oi, 
1-05,  1.15,  101,  i-o6,  1-20,  1-09,  I-20,  1-13,  \■a^. 

Jh>o  people  work  out  the  average  site  of  the  cubes,  one  by 
dealing  with  the  edges,  the  other  with  the  volumes.  Find  the 
difference  between  the  two  averages. 

The  aritlimetic  average  of  the  edges  = — ^  =  1-097  cm. 

I.  ,.  volumes  =  i3-3S-5-io=>-33S  cc- 

The  edge  of  a  cube  of  1-335  c,c  =  ^1-335  =  i-ioi  cm. 
(employ  logarithms). 

The  average  length  of  the  edge  =  r-ioi  cm.  deduced  from 
the  volume 
and       =  1-097  cm.  deduced  from  the  edges  themselves. 

Arrange  the  values  of  the  edges  and  volumes  in  ascending 
order. 
Edges — 
i-oi,  i-oi,  1-05,  1-06,  1-07,  _  1-09,  1-13,  1-15,  1-20,  I-20  cm. 
Volumes — 
1.03,  103,  1-16,  1-19,  r-23,     1.29,  1-44,  i-SJ.  1-73-  1-73  CC. 
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The  median  lies  between  the  5th  and  6th  values,  i.e.  be- 
tween 1-07  and  1-09,  and  has  the  same  value  whichever 
method  has  been  employed. 

The  geometric  mean  also  would  be  the  same  for  both 
methods  (if  the  measurements  were  exact),  and 

calculated  from  the  edges  =  '^  the  product  of  all  the  edges  and 
thelt^rithmof the  mean  =  -ji5{ooo8632 +0-021190 

+  0025306  + 0-029384  +  0-037427 
+  0-053078  +  0-060698  +  015836J} 
=  tV{o-394077}'=oo394077.  whence 
the  mean  or  average  edge  •=  1-095  '='"■  approx. 

Several  quantities  are  used  above  in  expressing  an  average. 
The  ideal  averse  should 

(i)  Show  a  type  if  any  type  exists. 

(2)  Give  proper  influence  to  extreme  cases. 

(3)  Be  easily  calculated,  but  not  greatly  affected  by  small 
errors  in  the  data. 


Errors  is  Practical  Work. 

Hetliod  of  Seui  Sqnaree. 

In  measuring  a  certain  quantity,  the  following  results  are 
obtained:  4-02,  3-98,  4-00,  4-03,  4.oi,  4-01,  3.99,  4-02,  3.97, 
3-97- 

Here  there  are  ten  results  and  the  arithmetic  mean  is  4-00. 

The  differences  between  the  quantities  and  the  arithmetic 
mean  are  0-02,  -0-02,  o,  0-03,  o-or,  o-oi,  -o-oi,  0'02,  -0-03, 
-003. 

The  sum  of  the  squares  of  the  differences 

=  io-*{4  +  4  +  o  +  9  +  i +1  +  1+4  +  9  +  9} 
=  io-*{43}. 
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The  product  of  the  numtieT  of  readings,  and  the  number 
reduced  by  wnity  =  10x9^90.  Divide  this  product  into  the 
sum  of  tite  squares  of  the  differences ;  extract  the  square  root 
of  ihe  quotient;  it  can  be  proved  that  the  final  answer  gives 
the  (fkely,  or  probable,  error  in  taking  the  arithmetic  mean  as 
the  Irue  result. 


That  is,  the  error  - 


V     10x9 


_V^[.o-^l_  1-764  X 


=  o-oo6  approx. 

.'.  the  likely  error  in  taking  4-00  as  the  true  value  is  ±  o-oo6. 

The  true  value  probably  lies  between  4-006  and  3'994,  and 
it  is  G*ear  that  limits  of  this  kind  approach  more  closely  as  the 
number  of  the  readings  increases. 


EZEBCIS^  XOIX. 

Find,  from  the  data  below,  the  average  times  of  the  given  t: 

journeys,  stating  (f)  the  arithmetic  average,  also  (d)  the  n 

;,  or  '  mode,'  and  {c)  the  '  median '  lime. 


1.    London     to 
(Yorks)  from  King's 


Harro. 

5.20  ■.IB. 

10.42 

MS 

12.59 

9-45 

314 

2.30 

10.3s 

4.19 

1.40  p.  m- 

5-42 

6.58 

3-4S 

8.  0 

l:tl 

1^.58 

10.45 

5'53 

11.30 

8.20 

3-56 

5-S3 


0.57          4-'o 

2.15 

2.2;  p-m.     5.30 

3-  0 

2.50          6.15 

5.  0 

2.30          7-  0 

5-45 

6.  0         1045 

12.  0 

8.  5          2.40 

8.35           3-20 

02s          5.50 

7.30  ^n^ 

1-  ■; 

9-4S 

2.1  ^ 

0.23 

,s-:» 

4-'iS 

2.27  P-m- 

3.40 

8.  ^ 

5.40 

;dbv  Google 


A  MODERN  ARITHMETIC 


3.   Leeds      (Yorks)      from 


Knir.'B  Cr. 

Lebds. 

Lbbds. 

2.4S 

5.20 

O.IB 

6.30 

7.1; 

11. 1^ 

7. 10 

9.45 

9.  0 

10.3s 

1-  0 

10.15 

1.30  >.». 

5-I--' 

1.40 

6.   1 

"33 

7.1 1 

3-45 

7-45 

2.55 

S-4S 

<J.1S 

1.  '. 

6.IS 

10.34 

5.30 

I0.4S 

1-11 

610 

11.30 

4-35 

10.1; 

I's  O,        St.  Pan 


1.  5 

9.30 

1.22 

1-55 

10-30 

1-  0 

3-55 

11-30 

3.22 

4.10 

4.^s 

5.30 

1.30  p.m. 

5.30 

7.  0 

2.1s 

6.V 

8.30 

3.  0 

7-V 

9.2  s 

«.57 

IO-4S 

5.  0 

y.10 

5.  Draw  graphs  in  each  of  the  cases  1-4,  showing  the 
number  ot  trains  which  perform  the  Journey  in  each  time  which 

6.  Tabulate  the  results  above,  grouping  the  times  within  i; 
minute  limits  (thus,  in  (1)  the  first  time  is  greater  than  5  hrs. 
15  min.  and  less  than  5  hrs.  30  min.).  Find  the  mode  as 
calculated  from  the  groups. 

7.  Find  the  (a)  arithmetic,  {d)  geometric,  and  (c)  harmonic 
means  of  the  following  numbers  (the  reciprocals  are  also  slated). 


Numbers,    - 

22-. 

23-5 

24-2 

239 

24-3 

Reciprocals, 

0-045045 

0-042533 

CK)4r322 

OK54184' 

0-041152 

Numbers,    - 

25-1 

23-2 

23-8 

24-0 

23-6 

Reciprocals, 

0-039841 

0-043103 

0-043860 

0041667 

0042373 
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S.  The  table  below  gives  the  annual  premiums  charged  per 
j£ioo  insurance  by  various  Assurance  companies; 


ANNUAL 

Premiums 

^R 

ASSUBANCB,    B 

TC. 

1 

Namk  or  OrFicB. 

Age.,. 

Age  JO. 

_^ 

(4) 
Ag.50. 

Agt&i. 

£  s. 

it. 

£ 

J 

a. 

.£■ 

d. 

/ 

,. 

rf. 

£  s.  d. 

Fiiends'  Ptovidenc,  - 

I   17 

s 

3 

4 

9 

7 

vri 

General,  ■ 

9 

3 

4 

8 

Gresham, 

I   19 

8 

9 

3 

8 

3 

7    6    5 

Guardian, 

I   iS 

8 

3 

6 

3 

6  14    6 

Law  Life,        -        - 

9 

3 

6  17    6 

Law  Union  &  Crown, 

I  iS 

6 

S 

3 

6  16    0 

Legal  and  General,  - 
Lift  Assoc,  of  Scot., 

9 

3 

9 

6  19    S 

III 

8 

3 

4 

4 

724 

L'pool&Lond.&GI., 

7 

9 

3 

3 

6 

3 

l,i\\ 

London  &  Lancashiie, 

I   16 

9 

6 

3 

4 

London  Assurance,  - 

I 

9 

6 

3 

5 

7    a  II 

LoQd.,Edm.&Glas., 

I   19 

8 

3 

7 

7*0 

Marine  &  General,  - 

I   19 

8 

700 

Methodist  &  General, 

I   17 

6 

5 

3 

6  II     9 

5 

9 

9 

3 

4 

I   18 

3 

7     I     0 

Mutual  ofNewYork. 

I   19 

4 

3 

6 

9 

7  16    2 

National  Mutual, 

9 

8 

3 

7 

6 

662 

Natl.  Mut!.  of  Au5t., 

I   17 

7 

6 

S 

3 

6 

6  i3  10 

National  of  Ireland,. 

I   19 

S 

8 

7 

3 

4 

3 

7 

7     1     8 

National  Provident, - 

3 

3 

6 

3 

6  11  10 

New  York,      - 

I  19 

3 

g 

9 

3 

4 

5 

7  19  10 

Nth.  Brit.  SMercan., 

I   19 

9 

3 

6 

6  16    3 

Northern, 

9 

3 

4 

S 

6  17    4 

Norwich  Union,       - 

2    3 

5 

9 

3 

6 

6 

s 

720 

Patriotic, 

I  19 

* 

S 

1 

3 

5 

10 

6  16    4 

Find  the  arithmetic  average,  the  median,  and  the  mode  of  the 
above  rates.  Also  draw  graphs,  showing  how  these  rates  increase 
with  the  age  of  the  person  when  he  first  insures. 

[In  finding  the  mode  in  Ex.  (a),  {b),  (c),  arrange  the  prices  in 
groups,  rising  by  3d.,  i.e.  rates  £2.  y.  od.  to  ^£2.  ^r.  2d.  inclusive, 
£2.  y.  3d.  to  £3.  3s.  sd.,  etc. 

Arrange  in  groups,  rising  by  6d.  in  Ex.  (1^,  and  by  is.  yi. 
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9,  The  following  tabie  represents  Ihe  heights  and  weights  of  a 
number  of  boys  between  the  ages  of  13  and  15  : 


No. 

H. 

gb.. 

Weighl. 

N. 

M(ht 

W^h.. 

N. 

H. 

ght. 

Weight. 

Ids. 

TT 

Si.  Lbs. 

Mi 

6    oi 

'7 

oi 

5  Hi 

53 

>'i 

6    91 

5    7 

38 

9 

5  " 

54 

51 

4    9i 

3 

Si 

7    5 

29 

'i 

5    9 

55 

4i 

7    0 

6    31 

P 

91 

4    7i 

S6 

6    2i 

5 

3C 

8    oi 

31 

6    Si 

9 

S    5 

a 

5    0 

31 

5    81 

oi 

6    4 

7 

6    7 

33 

59 

7 

5    2 

g 

s 

S    5i 

34 

6    Si 

60 

9 

S    9 

9 

91 

35 

Hi 

i ; 

61 

8i 

5    S 

Hi 

36 

6a 

6    SJ 

7 

5    'h 

6    oi 

63 

i* 

3l 

7    8J 

oS 

6    2 

64 

6  'si 

'3 

7i 

5    3 

39 

Hi 

6    3i 

65 

4 

7     2 

14 

2i 

7    8i 

40 

Hi 

il 

66 

9 

5    ok 

15 

6    0 

4" 

67 

7 

5    0 

16 

9 

S    6 

42 

"i 

4    H 

68 

6    li 

17 

21 

7    71 

43 

3 

6    7 

69 

lis 

6    4i 

iS 

8i 

5    3 

44 

1* 

6  '3 

70 

4    4l 

19 

6  ij3 

45 

8J 

6    0 

71 

8 

4     4) 

6    9 

46 

7    4 

72 

73 

r, 

5  " 

47 

4 

6  11 

73 

8i 

5  II 

48 

4 

7    41 

74 

"i 

4  If 

33 

91 

i;* 

49 

n 

6  10 

75 

7  i 

24 

H 

50 

8i 

S    ° 

76 

81 

5  s 

25 

6i 

5    6i 

51 

■1 

6    7 

J6 

34 

7    61 

52 

Hi 

7     3i 

Find  (>!)  the  median  weight,  also  (6)  the  mode,  and  (c)'tbe 
arithmetic  average. 

Find  also  the  average  weights  of  boys  4  ft.  6  in.  or  over,  but  not 
4  ft.  7  in. ;  4  ft  7  in.  or  over,  but  not  4  ft.  8  in.,  and  so  on.  Draw 
otdinary  and  logarithmic  graphs  connecting  these  average  weights 
with  the  height 

10.  Draw  charts,  showing  the  fluctuation  in  the  proportion  of  the 
total  imports  and  exports  of  manufactured  articles  into  and  from 
the  under- mentioned  countries,  which  were  respectively  derived 
from,  or  exported  to  the  United  Kingd<Hn,  in  each  of  the  years 
fiom  1890  to  1901  inclusive  : 
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v«. 

(") 

Fian«. 

Ru^ia. 

(Escimand). 

United  Slaln 
(V«i«  Elided 

,S1i,3. 

1.890 

47.1 

38-8 

23-3 

40-3 

484 

I89I 

47-1 

367 

2S-8 

47-3 

1892 

366 

28-5 

1893 

38-. 

44-6 

1S94 

46< 

27-0 

39-8 

1895 

46-5 

39-9 

29-5 

44-5 

.806 

489 

38-9 

310 

31-8 

45-6 

1897 

48-0 

36-6 

26.3 

42-9 

1898 

44-9 

34-8 

21-5 

40-3 

I8q0 

45-2 

32-3 

22-3 

33'9 

37-8 

1900 

40-3 

29-7 

19-9 

42-2 

1901 

34-4 

28-5 

17-6 

36-5 

(ii)  Exports  of  Manufactures.— Proportion  (per  cent.J 
Exported  to  the  United  Kingdom. 


Yean. 

f'*^ 

Russii. 

,S, 

United  Suics 
(V«t5  ended 

1890 

109 

26-3 

2-7 

9-9 

I8q. 

11-7 

26-8 

2-6 

1892 

n-3 

30-6 

2-4 

8-4 

24-5 

1893 

11-3 

29-6 

2-3 

7-2 

23-9 

i8g4 

12-3 

29-1 

4-3 

7-4 

25.4 

11-2 

30-3 

4.0 

30-5 

1806 

12-2 

29-8 

3'6 

6.8 

28.9 

1897 

I3-0 

30-3 

3-3 

7-4 

30'S 

28-9 

30 

6-5 

27-3 

1899 

30-9 

3-6 

71 

260 

1900 

Iti 

3-2 

7-5 

22-4 

1901 

13-4 

Find  also  (i)  the  arithmetic  average  and  (ii)  the  median  i 


;dbv  Google 


Sl6  A   MODERN  ARITHMETIC 

11.  The  following  table  shows  percentage  changes  in  the  retail 
prices  of  certain  articles  of  food  of  workmen's  consumption, 
1877-1901.    (Price  of  each  article  in  1901  equals  100.) 


A.— In  London. 


1 

^ 

sj 

1 

^1 

^1 

S 

S| 

-^1 

'i 

41 

1877 

3007 

181-1 

158-2 

I4I-I 

127-9 

97-0 

97-6 

I20-0 

1600 

■878 

iSo-o 

169-8 

121-4 

141-1 

124-0 

96-0 

94.9 

1400 

.879 

i3'-4 

186-6 

136-8. 

128-0 

126-0 

96-0 

82-4 

1880 

1600 

178-3 

152-5 

141-1 

127-9 

96-0 

90-1 

130-0 

I8SI 

148-6 

163.8 

.43-3 
"35-8 

138s 

.3'-8 

104-0 

80-8 

120-0 

1300 

I88z 

148-6 

155-5 

135-9 

141S 

104-0 

85-8 

130-0 

'?J 

1486 

166.4 

123-4 

135-9 

'43-4 

0-0 

96-5 

'30-0 

1884 

ii57 

134-9 

■13-4 

128-0 

127-9 

96-0 

95-1 

188s 

102-9 

134.0 

118-2 

122-8 

104-7 

96-0 

85-8 

800 

1886 

I02-9 

129-4 

llS-2 

10 1 -9 

88-0 

87.-2 

120-0 

9O-0 

1887 

io8-6 

135-1 

1085 

95-4 

72-0 

963 

?oo 

1888 

124-5 

1119 

98-1 

68-0 

92-7 

90.0 

1889 

111-4 

124.5 

130-6 

96-3 

I03-3 

73-0 

87-^ 

900 

1890 

"47 

.30-6 

96-3 

S6-0 

92-7 

800 

1891 

1057 

146.4 

I30-6 

981 

'^:l 

88-0 

982 

95-0 

80-0 

,89. 

1I7-I 

122-6 

128.9 

99-1 

96.1 

92-0 

IDI'8 

95-0 

90-0 

.893 

857 

1045 

97-2 

9C.6 

106-0 

103-7 

95-0 

Eo-o 

■894 

857 

124-9 

98-3 

991 

93-8 

90-0 

95-4 

90-O 

So-o 

,89s 

77' " 

'33-8 

91-8 

96-3 

94-5 

82-0 

88-1 

900 

6o<. 

1896 

857 

m 

95-3 

96-3 

89-1 

70.0 

95-4 

90-0 

80-0 

102<9 

115-2 

97-2 

92-2 

90-0 

95-4 

90-0 

60-0 

122-9 

'25-3 

.30-6 

963 

92-2 

92.0 

96-3 

900 

6C-0 

1899 

91-4 

101 -9 

99-3 

98.1 

94-5 

820 

1CO-9 

90-0 

8tK> 

1900 

97-1 

91.5 

107-5 

97-7 

900 

80.0 

1901 

1000 

100-0 

lOO-O 

ICOO 

loo-o 

1000 1  loo-o  1 

Draw  charts  showing  ^he  changes ;  find  also  (i)  the  mode  and 
(ii)  median  in  each  case. 

(In  finding  the  mode,  arrange  the  prices  in  suitable  groups 
87-89,  90-92  inclusive,  and  so  on.) 
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12.  The  table  below  gives  the  minimum  average  rate  of  discount 
charged  by  the  Bank  of  England  for  different  years,  beginning 
with  1854,  and  extending  to  1902  inclusive  : 

S.  4j,  5i,  6i,  3l  i  2i,  4i,  Si,  2I,  7i  ;  4?,  7,  2},  a}.  3} ;  3l.  ^h 
4S,  4S.  33;  3j,  2l  2j,  33,  2g;  2j,  3i,  4I,  3ft,  s*S ;  3,  3.  33. 
3^'  3i  ;  4S,  3J>  3J.  ai,  3A  :   2J.  2.  2^  2f,  3l  ;  3J,  3!^,  3IJ,  3J. 
Find  (a)  the  changes  in  the  quinquennial  average  (from  1855  to 
1859,  i860  to  1864,  etc.,  up  10  1895-1899)  i  find  also  (*)  the  arith- 
metic average,  (c)  the  mode  (dividing  into  groups  of  05)  and 
(1/)  the  median. 

13.  (i)  The  average  prices  per  ^100  of  the  3%  Consolidated 
Stock  of  the  Public  Funds  of  the  United  Kingdom  are  given  below. 
Find  (<t)  the  quinquennial  averages  and  (i)  the  arithmetic  average 
during  the  whole  time  taken,  also  (c)  the  mode  (dividing  into 
suitable  groups)  and  (rf)  the  median. 


Year   - 

185s 

1856 

1857 

.858 

1859 

[860 

1861 

1S62 

1863 

186, 

Price   - 

90i 

93i 

9'i 

¥>\ 

9Si 

94 

911 

93 

VI 

901 

Year   - 

.865 

1S66 

my 

186S 

1869 

1870 

1871 

.872 

1873 

1874 

Price   - 

891 

88 

93 

93S 

92i 

92i 

9?f 

9.) 

■»! 

Vi 

Year   - 

1875 

1876 

1877 

1878 

1879 

18S0 

iSSi 

188Z 

i8«3 

1884 

Price   . 

93  i 

95 

951 

95.=!. 

97i 

9^ 

100 

100! 

I0,| 

lOI 

(ii)  Find  similar  averages  to  (1)  for  the  value  of  the  British 
coinage  at  the  London  Mint  between  1884  and  1904  inclusive. 


Y=ar. 

A.™.. 

V«,. 

A.ou,.L 

Y=a. 

Amoun.. 

1884 

^2,3^1, 000 

18QI 

^£6,713,600 

.808 

.£5,780.600 

1885 

2.973. 500 

13,907,800 

9,010,900 

9,266,300 

1900 

13.103.700 

1.908,700 

5.678,100 

I90I 

I89S 

3,811,200 

190J 

7,119,000 

7,500.800 

1896 

4.808,900 

9.928,000 

7,680,200 

1897 

1,778,300 

1904 

11,042,000 
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14.  The  following  table  shows  the  average  annual  price  of  bar 
silver,  per  ounce  standard,  in  each  of  the  undermentioned  years  : 


Year        ■ 

l»3S 

■  836 

1837 

■  838 

■839 

■840 

■  84^ 

1842 

■  843 

■844 

59)1 

60 

59A 

59» 

M 

6o| 

60A 

59A 

59A 

59i 

Year       - 

1845 

.846 

1847 

■  848 

■849 

■  850 

.85^ 

■  852 

■853 

1854 

pence  1 

591 

59A 

S9H 

591 

59J 

60V, 

61 

6oi 

6oi 

6.1 

Year      - 

■855 

■  856 

.857 

iSjS 

l8S9 

■  860 

1861 

1862 

■863 

■  86, 

Price  i.    J 
fence  / 

61  ft 

i'A 

611 

6iA 

6!A 

6iH 

6011 

6.A 

6^l 

6,\ 

Year      - 

186s 

■  866 

1867 

1868 

1869 

1870 

■  87. 

1872 

.873 

■874 

Price  in    | 

61 A 

m 

faf. 

6ot 

60A 

60A 

6o) 

60A 

591 

58A 

Year       - 

■»;S 

,876 

1877 

.87S 

■879 

iSSo 

1881 

1882 

■  883 

1884 

Price  in   1 
pence) 

S6l 

5'i 

S4H 

5JA 

5^4 

52) 

57H 

sn 

5o,V 

sot 

Year      - 

■88s 

1886 

1887 

■  888 

1889 

■  890 

.89, 

.892 

■893 

1894 

Price  in   1 
[lence  / 

48t 

45i 

441 

4«i 

4aH 

47H 

40A 

39H 

35t 

28(1 

Year        - 

■895 

,896 

■897 

■  898 

■899 

Price  in    1 
iience  / 

1  Z9I 

3oi 

271*8 

2641 

"7A 

Find  (a)  the  quinquennial  averages,  also  (6)  their  general 
arithmetic  average  through  the  whole  range,  (c)  the  arithmetic 
average  between  the  years  1835-1874  inclusive,  (rf)  the  mode 
(when  arranged  in  suitable  groups)  and  (e)  the  median. 

16.  A  number  of  consecutive  daily  barometric  readings  were 
as  follows  : 

29-64,   29-81,    39-91,   29-87,   29-87,   30-04,  30-1: 
(missing),  30-23,  30-26  in. 

The  arithmetic  average  is  known  to  be  30-01,  with  a  possible  error 
of  o-ooj.    What  is  the  missing  reading?    What  errors  are  possible? 

Find  also  a  probable  value  by  means  of  a  graph. 


,  29-99,  30-2'. 
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'16.   Calculate   die   (a)   mode,  (i)  median   and   (ir)   arithmetic 
average  of  the  annual  rainfall  in  the  Thames  basin  during  the 
period  1883-1902, 
(In  calculating  the  mode,  arrange  in  groups  ranging  within 

I  inch,  i.e.  26-27  in-i  27-28  in.,  etc.) 


Year 

1883 

18S4 

1885 

■836 

1887 

18S8 

1889 

1890 

.891 

1892 

Rdnlain 

284 

2ig 

291 

3'-i 

3:-3 

284 

25.6 

33-8 

33-3 

230 

Year 

1893 

1894 

1895 

1896    1897 

1898    1899 

1900  1901    igca 

RatQ&ll  ) 

in  inches/ 

22. 

32'3 

a6.3 

258 

27-8 

22-1     24-8 

'7-9 

- 

- 

17.  A  number  of  cubes  are  weighed  first  in  air,  then  in  water, 
and  the  loss  of  weight  found  to  be  2-537  gr.  When  placed  in  a. 
row,  face  to  face,  the  total  length  is  found  to  be  6-333  "^"i- 

State  (a)  what  you  think  the  number  of'cubes  probably  is,  also 
(6)  the  average  edge. 

18.  Calculate  probable  values  for  the  following  ; 
{a)  A  length,  difTerent  measurements  of  which  are 

32-03,  32-04,  3202,  32-05,  33-01,  32-06,  32-02. 
(i)  The  wave  length  of  a  light  from  the  following  readings  : 


4^= 


1.79,   1-78  n 


e  length  =;t:/Q 


while  readings  for  c  are  0-093,  0-091,  0-093,  0'°93>  0-092  cm. 

((t)  The  number  of  centimetres  a  body  falls  through  from  rest  ii 
the  first  second  of  its  motion,  from  the  following  readings : 
490,  49r,  489,  489.  491,  492,  498. 
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19.   The  table  below  gives  the  average  yearly  prices  of  wheat  ia 
the  United  Kingdom,  with  remarks  as  to  cases  where  the  price 

seems  exceptional : 


Vfflr. 

Average  Price 
P«  Impa-i^l  Qr. 

Yor, 

Averige  Prict 
Per  Imperii!  Qr. 

Ye... 

Pe/ll^iBl  Qr. 

I.      d. 

I      d. 

1870 

46    II 

1 891 

1«71 

56    8 

i8Q3 

26     4 

l«7! 

57    0 

41     7 

i«P4 

22    10 

1871 

58    8 

.884 

35    8 

1801 

23   1 

1874 

SS    9 

32  10 

1806 

26     3 

■  87( 

45     3 

31    0 

1807 

30      2 

1876 

46    2 

32    6 

1898 

1S77 

56    9 

.899 

25    8 

46    5 

1X8Q 

36  11 

l«7Q 

43  'o 

IKW 

31  11 

1901 

26    9 

44    4 

ili9i 

37    0 

1902 

Remarks.     1876— Bad  harvest. 

1891 — Failure  of  rye  harvest  in  Russia. 
1897-1898— Wheat  crops  generally  short. 
8—'  Leiter  comer,' 
1-1895 — Series  of  abundant  harvests. 
Draw  a  chart  showing  the  Huctuation  in  price  ;  calculate  also  the 
arithmetic  average  for 

(a)  10  years  1872-1B81, 

(b)  „  ^      1882-1891, 


w 


-1901, 


and  express  the  average  prices  as  percent^es  of  the  price  ii 
Compare  also  the  fall  in  price  in  wheat  with  the  fall  i 
modities  generally,  as  shown  by  the  following  Cable: 


1871. 


Price  of  Commodities 

1871 

1 872- 1881 

1882-1891 

1892-1901 

As%ofPricesini87i 

100 

I04-8 

847 

75-8 
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PennutatlonB  and  OombinationB. 
Example  i. — Find  the  number  of  ways  in  which  the  vowels 
a,  e,  i,  o,  u  may  be  arranged  in  groups  of  ■^. 

Here  we  may  say  there  are  3  vacant  places  to  be  filled  by 
the  vowels  H    n    PI 

For  the  ist  place  we  have  5  choices  a,  e,  i,  0,  u; 

.'.  it  may  be  filled  up  in  5  ways ; 
for  the  and  place  we  have  4  choices,  each  one  of  which 

may  be  associated  with  each  of  the  ist ; 
for  the  3rd  place,  we  have  3  choices ; 
.'.  the  total  number  of  ways  is  5  x  4  x  3  or  60. 
Example  2. — In  how  many  ways  could  all  the  letters  of  the 
word  '  vowels '  be  arranged  } 

Here  there  are  6  different  letters,  and  the  number  of  arrange- 
ments is  6x5x4x3x2x1  =  720. 

Example  3-— /«  how  many  ways  could  4  three-quarter  backs 
be  picked  from  7  possible  players,  disregarding  any  question  as 
to  their  positions  f 

If  the  position  of  the  men  on  the  field  were  taken  into 
account,  say 

Left        Inside  left        Inside  right        Right, 
the  number  of  possible  arrangements  would  be 

7x6x5x4, 
but  any  one  choice  of  four  players  could  be  arrat^ed  in 
4x3x2x1  ways. 

The  number  of  choices  =  — 


4x3x2x1 
The  four  players  could  therefore  be  chosen  in  35  ways. 

ProbabUitles. 

Important  applications  of  averages  are  the  calculation  of 
probabilities,  chances,  expectations,  etc. 

From  the  examination  of  many  mortality  returns  it  is  found 
that  out  of  a  large  number  of  persons  alive,  say  at  55  years. 
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a  certain  number  would  be  alive,  say  at  60  years,  'ITius,  in 
one  case,  out  of  424,677  persons  alive  at  fifty-five,  365,011 
were  alive  at  sixty. 

The  probability  that  a  person  alive  at  55  would  be  alive 

at  60  is  ^— ^T — .  and  it  is  evident  that  "  probability  "  is  really 

424677 
an  "  average  probability." 

Similarly,  if  there  is  a  large  number  of  equally  possible 
events  N,  and  in  »  of  them  a  certain  result  happens,  then  the 
probability  or  chance  of  the  result  happening  is  — . 

The  "odds"  that  the  event  happens  is 

No.  of  favourable  cases  n 

No.  of  unfavourable  cases     N  -  « 

Thus,  if  a  coin  be  thrown  up,  the  chance  that  it  falls  with 
'  heads '  uppermost  is  J. 

If  a  die  is  thrown  the  chance  that  a  3  turns  up  is  j-  and 
so  on,  and  the  "odds"  against  it,  5  to  1. 

Example  i. —  Tieo  dice  are  thrown  together;  what  is  the 
chance  that  the  throw  is  fjt 

The  total  number  of  possible  throws  is  6  x  6  or  36. 

In  these  throws  9  can  occur  by  the  following  arrangements : 


dig,  ind  die 

5    4 
4    5 

3  6 


The  number  of  favourable  cases  =  4. 
Total  number  =  36. 
.*,  the  chance  is  gg-  or  J. 
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Example  2, — J^nd  the  chance  thai  a  man  throws  a  5  ofice  in 
3  throws  of  a  single  die,  stopping  directly  the  $  has  been  thrown. 

The  chance  of  turning  up  a  5  in  the  ist  throw  =  J. 
„       „       I,    having  a  2nd  throw "  chance  of  missing  in 
the  I  St  throw. 

,',  chance  of  turning  up  a  5  in  the  2nd  throw  — ^  ■  \. 

The  chance  of  having  a  3rd  throw=chance  of  missing  in  1st 
two  throws  =  (4)^. 

The  chance  of  turning  up  a  5  in  the  3rd  throw  =  {J)^ .  J. 
Total  chance  =  J  + J-|+-J(|)' 


Example  3.  A  purse  contains  7  similarly  marked  counters: 
one  marked  to  represent  loi.,  two  others  to  represent  5^;,  the  rest 
to  represent  is. 

Jf  a  person  he  allowed  to  pick  a  counter  at  random,  and  thereby 
becomes  entitled  to  ike  sum  of  monty  marked  on  the  counter,  find 
the  expectation  value  of  the  drawing. 

Here  the  chance  of  drawing  a 

lOJ.  counter  =  ^;   ,'.  expectation  =  -'/- siii'liigs. 

-■.  total  expectation  value  is  =  -i-2;!^5-2±±  =  3^        „ 

Example  4. — The  following  are  turf  quotations  for  a  horse 
race,  taken  from  a  daily  paper: 

2  to  1  against  horse  A. 
9  /<?  2       „ 
10  to  r      „ 


Assuming  that  the  above  represent  the  chances  of  the  respective 
horses  winning,  find  the  expectation  of  a  person  who  bets  ^1  on 
each  hirse. 
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Chance  of  A  winning  is  y^  « |,  since  odds  are  z  :  i  against ; 
.'.  expectalion  =  J  of  ;^2. 
So  for  the  others,  whence  the  total  expectation 

=  £6.2s.  lod., 
for  which  the  person  has  paid  ;£[  i  +  i  +  i  +  i  +  r  +  i  +  i}=  j£t. 


1.  In  how  many  ways  could  you  arrange  the  letters  of  the 
words  («)  Four,  (*)  White,  {c)  Result  ? 

2.  In  how  many  ways  could  you  arrange  three  letters  chosen 
from  the  words  (a)  Ways,  {6)  Newmark,  (c)  Chosen  ? 

3.  In  how  many  ways  could  a  group  of  four  letters  be  chosen 
(not  arranged) from  the  English  Alphabet? 

4.  Two  dice  are  thrown  ;    find  the  chance  that  the  throw  is 
(a)  lo  exactly,  {b)  less  than  lo,  (c)  greater  than  lo. 

5.  A  cricket  eleven  is  to  be  picked  from  fifteen  players  ;  in  how 
many  ways  can  this  be  done  ? 

6.  A  football  fifteen  has  to  be  chosen  from 

lo  eligible  forwards       (8  forwards  to  be  chosen). 
4  half-backs  (2  to  be  chosen). 

6  three  quarters  {4  Co  be  chosen). 

3  full  backs  (i  to  be  chosen). 

In  how  many  ways  might  the  team  be  made  up  ? 

7.  Find  the  chance  that  if  three  cards  be  taken  in  succession 
from  the  same  pack,  they  shall  be  king,  queen  and  knave  of  the 

Expectation  of  Life. 

The  table  betow  gives  the  expectation  of  life  at  different 

ages.    The  numbers  in  the  first  three  columns  are  the  results 
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of  observadons,  those  in  columns  four  and  five  are  obtained 
by  calculation  founded  on  the  death-rates  of  1871-80: 


Ifae  Numbc 

Age 

Bttheindofeach  " 
Ymt  of  Life. 

(Enpecial 

n  of  Life). 

M=lf. 

Fcmalf. 

Female. 

703.59s 

732,697 

4596 

4813 

17 

690,746 

718,993 

41.76 

44-00 

iS 

687,507 

715.622 

4^96 

432' 

■9 

683,941 

711,946 

4017 

4243 

26 

6S>.998 

679,822 

34-96 

37-26 

S7 

646,757 

674,661 

34-24 

36-54 

33 

611,827 

641.045 

3001 

32-30 

36 

592,107 

622,554 

27.96 

30-21 

37 

585,167 

616.144 

27-29 

2952 

563.077 

596.  n3 

25'30 

27-46 

41 

S5S.2S4 

589,167 

24.6| 

26.78 

48 

495,76' 

537.043 

22-03 

49 

529.048 

Si 

21-36 

50 

476)980 

520,901 

2068 

5' 

467-254 

512,607 

18.3: 

424,677 

477.440 

159s 

'7-33 

413,351 

467.443 

15-37 

1669 

365,011 

422,835 

"3'4 

14.24 

61 

352.07 ' 

410,477 

1260 

;ia 

62 

338,820 

397.644 

1207 

63 

3a5.*S6 

384,319 

11-56 

1251 

64 

31 '.368 

370,495 

1105 

1196 

70 

222,056 

277.225 

827 

8-95 

71 

206.539 

260,207 

7-85 

8.56 

7Z 

190,971 

242,934 

7.45 

807 

73 

175,449 

225.497 

7-07 

7-65 

74 

160.074 

208,003 

6.70 

7-25 

75 

144.960 

190,566 

6-34 

6.87 

76 

130,227 

173.316 

600 

651 

'^l 

'15,986 

156,392 

5-68 

616 

73 

102,359 

139.927 

5-37 

5-82 

79 

89,449 

124,065 

507 

5.50 

So 

77,354 

'08.93s 

4-79 

S-20 

81 

66,153 

94.662 

451 

4.90 

8i 

55,842 

81.305 

426 

463 

83 

46.489 

68,966 

401 

4-37 

84 

38.132 

57.723 

3-s8 

4.12 
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Example  r, — Employ  the  table  on  p.  535  fe  evaluate  thevahu 
of  life  annuities  at  different  ages ;  far  example,  to  find  the  value 
of  a  life  annuity  of  £^\  at  the  age  of  50,  the  insurer  being  male. 

From  the  table  the  expectation  of  life  is  1893  years,  and 
the  value  of  the  annuity  is  very  nearly  the  present  value  of  19 
yearly  payments  of  j[^\. 

Assume  3  %  per  annum.  Compound  Interest,  payable  yearly. 

^     ^'  I  (cf.  tables); 

.'.  the  value  of  £,\  annuity 

1-0-57029    0-42071       -. 

= --5  ■=  •     ——  =  £\i^.  15J.  approx., 

1-0-97087     0-02913     -<^  -*     3      vv      . 

while  ;^ioo  would  buy  a  yearly  annuity  of 


Similarly,  the  tables  may  be  employed  in  calculating  the 
value  of  a  Reversion, 

Consider  the  following : 

Example  2. —  What  is  the  value  of  a  Reversion  to  ^^2750  on 
the  death  of  a  lady,  aged  77  years  1  {Compound  Interest,  at 
3  %  per  annum.) 

When  the  lady  dies,  the  sum  of  ^£2750  will  be  in  the  pos- 
session of  the  holder  of  the  reversion. 

The  expectation  to  the  nearest  year  of  after  life  in  the  case 
of  a  lady,  aged  77,  is  6  years. 
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The  present  value  is  therefore  required  of  ^£^750,  due  in 
6  years. 

.*.  the  present  value 

=  f^,  =  £{m°)  X  (0-83748)  -  i:a303-o7 

=  £^3°i-  "■  (to  the  nearest  is.). 

Example  3. — An  Insurance  Company  charges  a  certain 
premium  to  a  male  client  who  begins  irnuring  at  36  years,  the 
calculation  emplc^ed  in  fixing  the  premium  is  based  on  money 
earning  interest  at  2  J  %  per  annum.  What  is  the  price  of  the 
premium  {disregarding  expenses  of  management,  etc.)  on  each 
jQioa  policy  t 

The  expectation  of  life,  at  26,  for  a  male  is  35  years.  Now 
£1  per  annum  will  amount  in  35  years  to  ^54-9282  (see  tables) 

.".   the  premium  per  ;^ioo=  J^  ^g^  =  ;^i-839  =  ;£i.  16^.9^. 

Example  4.~If  0/ eveiy  1,000,000  male  persons  bom,  77354 
survive  at  80  years  of  age,  and  if  of  every  1,000,000  male  persons 
born  66153  survive  at  81  years  of  a^,  and  if  the  expectation 
of  life  at  81  years  is  given  as  4-51  years,  ^nd  the  expectation  of 
life  at  80  years. 

Out  of  773S4  people  iizoi  (i.e.  77354-66153)  die  during 
the  ensuing  year.     Hence  the  prolmbility  of  dying  within  the 

year  is  =  0-145  approx,,  and  the  probability  of  living 

until  the  end  of  the  year-"(i  -  0-145)  =  0-S55. 

For  the  men  who  live  through  the  year  the  expectation  is 
4-5 1  years  at  the  end  of  the  year,  or  5-5 1  years  at  the  beginning 
of  the  year. 

For  the  men  who  die,  assume  that  the  average  life  was 
0-5  yr.,  whence  the  expectation  at  80 

=  o-5(o-i45)  +  (S-Si)(o-85S) 
=  479  years. 
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Use  the  table  on  page  525  to  find,  by  calculation,  the  value 
of  the  immediate  annuity  that  may  be  purchased  by  the  payment  of 
;£ioo  at  the  following  ages  and  rates  of  interest,  the  purchaser 
being  (a)  male,  {*)  female.  {Take  expectation  of  life  to  the  nearest 
year,  and  state  answer  to  nearest  penny.) 

1.  Age  55,  rate  of  interest  2^  %. 

2.  „     55,        „  ,.        3%- 

3.  „     60,        „  „        3%. 

4.  .,     4o>        ,-  n        3i  %■ 
6.      ,,     70,        «  „        4%- 

Employ  the  mortality  table  on  page  535  to  find  the  insurance 
premium  on  £100  policy  (without  profits)  at  2^%  per  cent  per 
annum,  Compound  Interest. 


6.   When  the  ii 


s  male,  aged  iz  years. 


13.  Of  1,000,000  persons  bom  the  numbers  surviving  (census 
returns  1871-1880)  at  the  end  of  each  of  the  given  years  of  life, 
ure  as  follows : 


Ag«. 

«»,. 

Femalt. 

50 

476,880 

520,901 

S' 

467,354 

512,607 

S2 

457,032 

504,188 

53 

446,510 

495,645 

5* 

435,7^9 

486,973 
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The  expectation  of  life  at  54  is  16-53  years  for  a  male. 

„  „  „  „        17-98         „  female. 

Find  the  expectations  at  (a)  53,  (*)  52,  (c)  51,  (rf)  50  for  a.  male, 
W  53,  CO  52.  U)  5"-  W  50  for  a  female. 

14.   Find  the  values  of  Reversions  to  the  following  ; 
(tt)  ^800,  on  death  of  lady,  aged  72  years. 
(^)  ^.200.       „        ,.      man,      „     83      „ 
(c)  jC'500,       ,.        »         „  ,,     79      -, 

i'i)  .£7575-       »        „      lady,      „     64      „ 
(f)  ^1250,       „        „         ,.  „     70      " 

(Take  expectation  of  life  to  nearest  year.)    Assume  Compound 
Interest  at  3%  per  annum. 


REVISION  EZEBOISES  OIL 

MiiedlaiMoaB :  Mainly  from  Examinatiou  hptn. 
A 1.   Explain  the  rule  for  finding  the  g.c.m.  of  two  numbers,  also 
any  methods  with  which  you  are  acquainted  for  simplifying  the 

Find  the  G.C.M.  of  622932  and  2087664. 
Also  the  L.C.M.  of  3663,  16280  and  976B. 

2.  (i)  Reduce  0-63  of  ^1.  os.  4ii.  to  the  decimal  of  0-5625 
of  £i  tos. 

(ii)  Find  the  value  of  0-18637   of  £^   true  to  the  nearest 
penny. 

3.  The  sides  of  a  rectangular  piece  of  paper  are  measured  both 
in  centimetres  and  in  inches,  and  the  length  of  a  metre  in  inches 
is  determined  from  each  set  of  measurements.  Find,  to  2  decimal 
places,  the  average  of  the  two  results  if  the  length  of  one  side  of 
the  rectangle  is  16  inches  or  40-6  cm.,  and  that  of  the  other 
12-75  inches  or  32-5  cm. 
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4.  An  observatory  building  consists  of  a  cylindrical  base  of 

13  feet  radius  and  13  feet  high,  surmounted  by  a  hemisphere  of  the 
same  radius.  Find  the  cost  of  covering  the  outside  with  water- 
prooiitig  material  at  4^-.  dd.  per  square  yard. 

5.  Two  men  begin  at  noon  to  fill  a  cistern  holding  200  gallons. 
The  first  empties  a  three-gallon  cask  into  the  cistern  at  the  end  of 
every  two  minutes,  while  the  second  empties  a  two-gallon  cask  into 
it  at  the  end  of  every  three  minutes.  When  will  the  cistern  be 
full? 

6.  A  man,  who  can  row  three  miles  per  hour  in  still  water, 
rows  to  a  place  9  miles  down  stream  and  back  again.  How  long 
does  be  take  if  the  stream  How  at  the  rate  of  z  miles  per  hour  ? 

7.  Find  the  rate  per  cent,  at  which  a  customer  pays  interest, 
in  buying  the  following  on  credit  terms:  "We  send  a  cycle  on 
receipt  of  is.  deposit  and  payment  of  is.  per  week  for  89  weeks, 
making  a  total  of  ;^4.  los.  in  all,  or  our  net  price  is  only  £^" 

8.  The  weight  of  1000  sovereigns  is  7-988  kilo.,  that  of  1000 
twenty- mark  pieces  is  7-962. 

If  ^1  =  20-43  marks  at  the  mint  par  of  exchange,  find  the  fineness 
of  the  twenty-mark  piece. 

9.  A  capitalist  has  ^27,900  which  he  invests,  part  in  4  per  cent. 
debenture  stock  at  IlijJ-,  and  part  in  3  per  cent,  stock  at  96^.  If 
the  resulting  income  be  ^873,  find  how  much  is  invested  in  each 
stock,  allowing  as  brokerage,  -is.  6d.  for  each  ^100  stock  and  ^£3 
for  stamp  fees  on  the  total  amount  invested. 

10.  AC  is  a  straight  railway  and  B  a  place  5  miles  from  the 
nearest  point  C  of  the  railway.  Suppose  goods  to  be  sent 
from  A  to  a  siding  8  by  rail  and  thence  by  road  to  B,  S  being 
X  miles  from  C.  The  cost  per  mile  being  1  shilling  by  rail,  and 
the  cost  per  mile  by  road  z  shillings  and  the  distance  AC  12  miles, 
give  an  expression  for  the  total  cost  of  carriage.  Draw  a  graph 
showing  the  cost  of  carriage  for  different  values  of  ;r,  and  determine 
where  the  siding  8  must  be  placed  in  order  to  make  the  cost  as 
small  as  possible.  For  the  graph  represent  I  shilling  and  also 
1  mile  by  2 
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B 1.    Obtain  the  least  perfect  cube  which  is  exactly  divisible  by 
43,  56,  154,  231  and  484.    (Factorize  the  numbers.) 

2.  A  cubic  foot  of  water  weighs  approximately  62J  lb.  A  litre 
of  water  weighs  a  kilogram.  An  inch=3'54  cm.  From  these 
data  calculate  to  one  decimal  place  the  number  of  grams  in  I  lb. 

3.  How  far  does  a  roller,  width  5  ft.  3  inches,  have  to  be  pulled 
in  rolling  a  rectangular  field  of  area  7J  acres  ?  Allow  10  per  cent. 
extra  for  turning,  and  assume  that  the  whole  field  can  be  covered 
without  one  crease  overlapping  another. 

i.  The  side  wall  of  a  lean-to  shed  slopes  from  a  height  of  5  feet 
to  a  height  of  20  feet,  and  17  upright  slips  of  wood  are  fastened 
to  the  wall  at  equal  intervals,  each  reaching  from  the  ground  to  the 
top  of  the  wall.     Find  the  total  length  of  the  wood. 

5.  Three  persons,  A,  B,  C,  enter  into  partnership  with  sums  of 
;^iBoo,  ^£1500  and  .£1400  respectively.  A  withdraws  ;£6oo  at  the 
end  of  3  months,  and  the  deficit  in  the  capital  is  made  up  by  B 
subscribing  ^300  and  C  ^300,  The  profits  at  the  end  of  a  year's 
business  amount  to  ^840 ;  how  should  it  be  divided  f 

6.  A  bicycle  was  sold  at  a  loss  of  40  per  cent,  on  the  cost  price, 
and  a  second  bicycle  was  bought  with  the  proceeds  when  5  guineas 
had  been  added.  This  second  bicycle  was  sold  at  a  loss  of  35  per 
cent,,  and  a  third  bicycle  was  bought  with  the  proceeds  afier  the 
addition  of  ^5.  i^j.  3d.  This  third  bicycle  cost  £16;  what  was 
the  price  of  the  first  ? 

7.  A  hollow  ball,  of  external  diameter  6  centimetres  and  of 
thickness  half  a  centimetre,  weighs  162  grams  when  it  is  filled  with 
liquid.  Find  to  the  neatest  hundredth  of  a  gram  the  weight  of  a 
cubic  centimetre  of  the  liquid,  a  cubic  centimetre  of  the  substance 
of  the  ball  weighing  2  grams.  (If  a  sphere  is  inscribed  in  a  cube, 
then  volume  of  sphere  ;  voltmie  of  cube  : :  11  :  zi.) 

8.  Tithe  rent  charge  in  1901  is  of  such  value  that  every 
nominal  ^100  is  really  worth  only  £66.  icw.  gj(/.  Find  the  amount 
of  tithe  tent  charge  which  is  worth  £1.  14J.  4rf.  less  than  its 
nominal  value. 


;dbv  Google 


532  A  MODERN  ARITHMETIC 

9.  A  member  of  a  building  society  obtaios  a  loan  of  ;£4oo  for 
the  purchase  of  a  bouse,  and  agrees  to  repay  it  with  compound 
interest  at  the  rate  of  $  per  cent,  in  five  equal  annual  instalments, 
the  first  payment  to  be  made  at  the  end  of  a  year.  What  should 
each  instalment  be  ? 

10.  In  an  experiment  with  a  screw  jack  the  following  results 
were  obtained : 

Load  W  lilitd  in  poundi  Powir  P  applied  in  pomida. 


140  iS-7 

160  17-6 

.     180  ig-6 

200  21-5 
Plot  these  observations,  draw  a  &ir  line  through  them,  and  from 

your  diagram  read  oS  the  values  of  a  and  d  which  satisfy  the 
equation                                  W  =  a  +  d.P. 


0 1.  In  subtraction  how  do  you  get  over  the  difficulty  of  taking 
a  greater  digit  from  a  less  i  Illustrate  your  answer  by  taking 
863  from  952. 

By  what  iactor  less  than  1000  must  7683  be  multiplied  so  that 
the  last  three  figures  of  the  product  may  be  768? 

2.  Find  the  area  of  the  walls  of  a  room  23  fi.  3  in.  long,  18  fl. 
4  in.  wide  and  iz  ft  high,  and  the  expense  of  covering  them  with 
paper  3  fi.  6  in.  wide  costing  4^.  6^.  per  dozen  yards. 

3.  Obtain  the  square  root  of  11-0405067,  exact  to  four  places 
of  decimals. 

4.  A  sum  of  ;£37i  is  due  to  me  at  the  end  of  18  months  ;  what 
sum  of  money  paid  down  now  would  discharge  the  debt,  reckoning 

simple  interest  at  4  P«r  cent.? 
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with  reference  to  the  British 


Suiid»Tcl  Wright. 

Weight. 

RenKdyoT 

Gold. 
Sovereign 

Grains. 
12327447 

Grains. 
122500 

Grains. 

0-20000 

Silver. 
Shilling 

^l-rj2Ti 

0-578 

A  mining  company  extracted  19744  'ons  of  gold  ore,  yielding 
2275  01.  of  gold.  What  number  of  sovereigns  would  the  mint 
supply  froni  this  ?     [Mint  gold  is  of  \\  fineness.] 

6.  The  squares  of  the  times  of  revolution  of  the  planets  of  the 
Solar  system  are  as  the  cubes  of  their  distances  from  the  Sun. 
Find,  to  the  nearest  day,  the  time  Jupiter  takes  to  go  round  the 
Sun,  given  that  its  distance  from  the  Sun=5-3  times  the  Earth's 
distance. 

7.  A  person  bought  the  materials  of  an  old  house  for  .£120, 
upon  condition  that  they  should  be  removed  within  12  days  under 
a  penalty  of  ^i  a  day  for  every  day  over  the  12  days.  He  paid 
^3.  10s.  a  day  for  labour,  and  having  sold  the  materials  for  £,2\^. 
loj.,  he  found  that  he  had  made  a  profit  of  ^30.  How  many 
days  did  he  take  to  remove  the  materials  ? 

8.  A  shallow  tinplate  dish  is  in  the  form  of  _a  frustum  of  a 
cone.  Its  depth  is  3  inches,  its  base  a  circle  of  6-inch  radius,  its 
upper  margin  a  circle  of  8'inch  radius.     Find  its  total  surface. 

9.  If  pure  gold  be  worth  ^£3.  171.  itd.  per  oz.  and  silver  be 
worth  2s.  %d.  per  oz.,  what  will  be  the  value  of  an  alloy  consisting 
of  3  parts  of  the  former  to  5  of  the  latter  ? 

If  this  alloy  be  sold  at  £,\.  \y.  ■i\d.  pter  oz.,  what  is  the  gain 
percent? 

10.  Ilie  distante,  s  feet,  of  a  moving  pioint  from  a  fixed  point 
at  time,  /  seconds,  is  given  in  the  form  j—io+W+e/*.      Find 
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the  average  velocity  during  the  first  6  seconds.  Find  also  the 
velocity  at  the  time  /=3  (i)by  drawing  the  distance-time  curve, 
(2)  by  determining  the  average  velocity  during  the  interval 
between  /=3  and  /=3+jr,  when  x  is  very  small  indeed. 


D  1.  The  numbers  4242.  2903.  when  divided  by  a  certain  number 
which  contains  three  digits,  leave  [he  same  remainder ;  find  that 
remainder. 

2.  Of  the  children  attending  school  in  Switzerland,  717  per 
cent,  speak  German  only,  22^4  speak  French  only,  4-5  speak  Italian 
only,  and  the  remainder  consists  of  5,838  children  who  speak  only 
Roniansch  ;  find  the  total  number  of  children  attending  school. 

3.  Given  that  one  mctre=39-37i  inches,  and  i  kilograin  = 
2-2046  lb.,  and  if  1  cubic  metre  of  water  weigh  1,000  kilograms, 
find  the  weight  of  a  cubic  foot  of  water  in  lb.,  correct  to  the 
nearest  tenth  of  an  ounce.  Use  contracted  methods  of  multiplica- 
tion and  division. 

4.  Three  persons  contribute  sums  of  ;£25o,  ;£5oo  and  .1^750 
respectively  towards  a  venture,  on  the  understanding  that  the 
profits  shall  be  divided  in  such  a  way  that  the  ra/e  of  interest 
which  each  receives  shall  be  in  proportion  to  the  amount  of  his 
contribution.  If  the  profits  for  a  year  amount  to  £z4S,  how  much 
will  each  of  them  receive  ? 

5.  Find  the  cost  of  discounting  on  Sept.  1,  1904,  a  bill  of 
/580.  12J-.,  maturing  on  Oct.  18,  1904.  (Mercantile  Discount  at 
the  rate  of  4  per  cent  per  annum.) 

6.  Express  0-296  as  an  infinite  geometrical  series,  find  its  sum, 
and  show  that  it  is  equal  to  (p'6f. 

7.  On  a  map  is  shown  a  triangular  piece  of  land  bounded  by 
three  roads  which  measure  4  in.,  4  in.,  3  in.  The  whole  map  is 
18  inches  long  and  12  inches  wide,  and  represents  216  sq.  miles. 
What  area  does  the  triangle  represent?  Use  a  carefiilly  drawn 
figure  to  find  the  area  of  the  triangle. 
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8.  The  radii  of  the  circular  faces  of  a  frustum  of  a  right  cone 
are  13  and  8  feet,  and  the  area  of  its  curved  surface  is  sojr\'24i 
square  feet ;  find  the  thickness  of  the  frustum. 

9,  By  buying  3  per  cent,  consols  at  a  certain  price  1  find  I 
obtain  3^  per  cent,  for  my  money,  and  derive  a  net  income  theie- 
from,  after  paying  an  income-tax  of  bd.  in  the  ^,  of  ^421.  4^-. 
Find  the  amount  of  stock  and  the  price  at  which  1  bought  it. 

10.  The  gas-service  pipe  to  a  house  75  feel  from  the  main  is 
J  in.  in  diameter ;  for  how  many  burners,  each  taking  five  cubic 
feet  of  gas  per  hour,  will  this  serve?  The  number  of  cubic  feet 
per  hour  delivered  by  a  pipe  on  that  main  is  1000  — —-,  where 

d  is  the  diameter  of  the  pipe  in  inches,  and  L  is  the  length  of 
the  pipe  in  yards. 


E 1.  {a)  Add  together 

ih,  §1.  26!,   5¥8.  20^. 
(i)  A  room  is  45  feet  6  inches  long  and  23  feet  10  inches 
broad.     Could  it  be  covered  exactly  with  tiles  13  inches  square? 
How  many  would  be  required  ? 

2.  Find  the  prime  factors  of  1066,  1815  and  1896  ;  and  hence 
write  down  the  factors  of  their  l.c.m. 

5,  Reduce  35469099  cub.  in.  to  cub.  ft.  by  short  division, 
explaining  how  the  remainder  is  obtained,  and  the  reason  of  the 

1.  A  customer  obtains  from  his  banker  the  loan  of  .£i3;o  on 
June  and ;  he  pays  ^£450  on  July  znd  ;  £600  on  October  1st,  and 
finally  pays  in  ;^8oo  on  November  1st. 

How  does  the  customer  stand  with  regard  to  the  bank  on 
December  31st,  assuming  the  bank  charges  5  per  cent,  per  annum 
interest  on  all  sums  that  the  customer  owes  it,  but  allows  the 
customer  interest  at  2J  per  cent,  per  annum  on  all  sums  standing 
to  the  credit  of  the  customer. 
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5.  Find  the  change  in  a  man's  income,  occasioned  by  selling 
£10,000  Two  and  three  quarters  per  cent,  consols  at  loifj,  and 
investing  the  proceeds  in  Corporation  of  London  3^  per  cent. 
Debentures  at  100.  Brokerage  ^  per  cent,  on  Consols,  1  per  cent, 
on  the  Debentures, 

6.  A  silver  bowl  weighs  Sy^  oz.  of  480  grains  each.  What  is 
its  weight  in  French  kilograms,  etc.,  to  the  nearest  gram  [a  gram 

=  1 5-4S  grains]. 

7.  The  times  of  departure  from  Euston,  and  arrival  at 
Birmingham,  of  passenger  trains  (starting  between  6  a.m.  and 
6  p.m.)  are  as  follows  : 


5-35  8-25 

What  is  the  arithmetic  average  time  of  the  journey?  What  is 
the  diOerence  between  it  and  the  actual  lime  which  most  trains 
take  in  doing  the  journey?  Which  time  do  you  regard  as  the 
more  useful  for  the  purpose  of  an  average  (using  the  term 
"average"  in  a  general  sense)?    State  your  reasons. 

8.  A  concentric  disc  is  removed  from  a  circular  disc  34  inches 
in  diameter  so  as  to  leave  only  two-thirds  of  the  original  area. 
Find  the  radius  of  the  disc  removed. 

ft.  For  a  certain  book  it  costs  a  publisher  £100  to  prepare  the 
type  and  2s.  to  print  each  copy.  Find  an  expression  for  the  total 
cost  in  pounds  of  jr  copies. 
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Also  make  a  diagram  on  the  scale  of  1  Inch  to  1000  copies  and 
I  inch  to  ^100,  to  show  the  total  cost  of  any  number  of  copies  up 
to  500a  Read  off  the  cost  of  2500.  copies,  and  the  number  of 
copies  costing  Xsas. 

10.  A  very  long  strip  of  paper  is  rolled  on  a  cylinder  of  wood 
1  inch  in  diameter,  and  the  total  diameter  of  the  roll  is  2  inches. 
Find  what  would  be  the  total  diameter  of  the  new  roll  if  the  same 
strip  of  paper  were  coiled  on  a  cylinder  of  wood  2  inches  in 
diameter.  

T 1.  Employ  an  abbreviated  method  10  divide  3382289  by  66'4684 
to  six  places  of  decimals  (so  that  the  error  is  less  than  O'Ooooooj). 

2.  Write  down  the  nine  numbers  which  immediately  precede 
81  and  the  nine  which  immediately  follow,  and  show  (hat  (heir  sum 
is  exactly  divisible  by  g.  Would  the  sum  still  be  divisible  by  9,  if 
instead  of  a  group  of  nine  numbers  on  either  side  of  81,  a  group  of 
five,  six,  or  any  other  amount  were,  chosen  ?    Give  your  reasons. 

3.  Find  the  greatest  number  which  will  exactly  divide  both 
867,S02  and  1,000,369;  find  also  the  smallest  number  which  is 
exactly  divisible  by  both  the  numbers. 

i.  The  surface  of  a  sphere  of  radius  r  inches  is  47^  square 
inches,  where  ir  =  3-141 59.  If  ir  is  taken,  instead,  to  be  equal  10  ^, 
find,  roughly  in  square  miles,  the  difference  that  this  will  niake  in 
the  calculated  area  of  the  earth's  surface,  the  earth  being  a  sphere 
of  radius  4000  miles. 

5.  How  many  moons  would  it  take  to  form  a  body  the  size  of 
the  Earth  ;  the  Moon's  diameter  being  2i3o  miles,  and  the  Earth's 
diameter  795775  miles? 

6.  Genuine  milk  contains  8S75  per  cent,  by  bulk  of  water, 
2-75  of  fat  and  8'5  of  non-fatty  solids.  A  purchaser  buys  7  gallons 
of  milk  at  jii.  a  quart ;  the  milk  on  being  analysed  is  found  to 
contain  90-84  per  cent,  of  water,  2-24  of  fat,  the  residue  being 
non-fatty  solids.  Find  whether  anything  besides  water  has  been 
added  to  it ;  and  find  the  sum  of  which  the  purchaser  has  been 
defrauded. 
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7.  A  right  circular  wooden  cylinder  has  a  length  of  38  inches 
and  a  radius  of  i  foot.  At  one  end  a  hollow  in  the  shape  of  a 
hemisphere,  of  radius  i  foot,  is  scooped  out,  and  at  the  other  end 
is  scooped  out  a  hollow  in  the  shape  of  a  cone,  two  feet  high,  and 
the  base  of  which  is  one  foot  in  radius ;  find  the  volume  of  the 
remaining  solid.  Also  find  the  weight  of  this  solid,  given  that 
TT— 3-1416,  that  the  density  of  the  wood  is  nine-tenths  of  the 
density  of  water,  and  that  a  cubic  foot  of  water  weighs  1000  oz. 

8.  A  person  repays  the  principal  ofa  debt  by  annual  instalments, 
paying  ;^I30  the  first  year,  and  each  succeeding  year  10  per  cent 
more  than  the  year  before :  bow  much  will  he  have  repaid  in 
10  years  ? 

9.  A  farmer  bought  6  oxen  and  too  sheep  for  ;£336 ;  of  the 
sheep,  4  died,  and  the  rest  were  sold  at  ^2.  7s.  bd.  each  ;  and  2  o( 
the  oxen  fetched  £1^  each.  At  what  price  must  the  remaining 
4  oxen  have  been   sold  if  the  profit  on  the  whole  transaction 

amounted  to  5  per  cent  ? 

10.  From  the  table  given  below  plot  curves  showing  for  the  given 
period  (1)  the  hour  of  sunrise,  (2)  the  hour  of  sunset,  (3)  the  duration 
of  sunshine.  Deduce  (1)  the  latest  sunrise,  (i)  the  earliest  sun- 
set, (3)  the  date  of  the  shortest  day. 


Nov.  26        7     37  a. 
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Ct  1.  (i)  A  walk  two  yards  broad  taken  off  a  square  field  all  round 
it  reduces  its  area  by  one  quarter ;  what  was  its  area  in  square 

(ii)  Is  it  possible  for  two  numbers  to  have  a  loo  fo^  their  sum 
and  3000  for  their  product?    State  the  reasons  for  your  answer. 

2.  A  left  ^15,325  between  B,G  and  D.  To  B  he  left  such  a  sum 
that,  after  paying  legacy  duty  at  the  rate  of  10  per  cent.,  B  actually 
received  ^600.  C's  legacy  was  to  tys  legacy  as  3  to  2,  What  net 
sums  did  C  and  D  receive  if  they  paid  legacy  duty  at  the  rate  of 
3  per  cent? 

3.  Find  the  square  root  of  87798284-89146121  ;  and  lind  the 
area  of  a  face  of  a  cube  whose  contents  are  13634789869  cubic 
feet. 

4.  Express  0-573  as  a  series  involving  geometrical  progression, 
and  thence  show  by  summation  that  its  value  is  Jg^. 

5.  Describe  any  two  methods  by  means  of  which  a  London 
merchant  might  settle  a  debt  incurred  with  a  merchant  abroad. 

Find  the  cost  of  drawing  at  London  a  bill  of  48,725  francs  due 
Paris,  at  25-22  cheque  rate  in  4  months. 

Bill  Stamp 0-5  per  mille. 

Brokerage     -----      i  per  mille. 
Rate  of  Discount  in  Paris     -        ■      2|  per  cent. 

6.  Find,  by  using  the  tables,  in  what  time  a  sum  of  money 
will  treble  itself  at  5  per  cent,  compound  interest. 

7.  Supposing  the  quantity  of  land  under  barley  in  England  to 
be  this  year  half  as  much  again  as  that  under  wheat,  and  the 
quantity  under  oats  to  be  equal  to  the  other  two  together ;  if  the 
quantity  under  wheat  next  year  be  reduced  by  25  per  cent.,  and 
the  quantity  under  barley  increased  by  ;  per  cent.,  the  whole 
quantity  remaining  the  same  as  before,  by  how  much  per  cent,  will 
the  quantity  under  oats  be  increased  ? 

8.  A  right  circular  cylinder  loj  ft,  long  has  a  volume 
528  cubic  feet.  Find  the  cost  of  gilding  its  convex  surface  at 
9|d.  per  square  fooL     (Use  a  =3).) 
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9.  The  length  of  a.  room  is  to  its  breadth  as  5  to  4.  The 
flooring  costs  £4(1.  17s.  bd.  at  7^.  6rf.  per  square  yard,  the  walls 
cost  ^30.  71.  6d.  to  colour  at  4\d.  per  square  foot.  Find  the 
s  of  the  room,  neglecting  windows  and  door. 


H  1.  If  0917  of  a  sovereign  be  pure  gold,  how  much  pure  gold  is 
there  in  2327  lb.  of  standard  gold?  (Standard  gold  is  the  gold 
from  which  sovereigns  are  made.) 

2.  If  I  cub.  ft.  of  brass  weigh  551-25  lb.,  how  many  cubic  feet 
will  there  be  in  a  block  weighing  1290-95  lb.?  (State  your  answer 
to  five  significant  figures.) 

S.  Express  as  £  and  decimals  of  a  £,  (a)  ^173.  3^.  lirf-,  (i) 
£ti.  Ijs.  g^d.     (True  to  the  third  decimal  figure.) 

i.    Find  the  value  of  S47S  cwt.  at  £i.  2s.  BJrf.  per  cwt. 

5.  Employ  the  given  table  to  express  the  following  lengths 
in  English  measure;  (a)  1-24  metres,  (i)  0-5321  metre;  state  the 
answer  true  to  three  significant  figures : 

1  metre=.3937   in. 

2  >,      =78-74    » 

3  „      =118-11  „ 

4  „      =157-48  „ 

5  „      =196-85  „ 

6.  Coal  is  sold  in  England  "free  on  board"  a  vessel  for  17.1.  a 
ton,  and  in  France  the  price  realised  is  30  francs  prer  tonnea.u 
(1000  kilo.)^  What  is  total  amount  in  francs  pier  tonneau  of 
freight  a.nd  profit  ?    {£1  =25-23  francs.) 

7.  An  estate  consists  of  house  property  of  gross  rental  of  ;^i5o, 
but  on  which  the  following  payments  are  made  : 

Insurance    -        ■        ■      .^3     15    o 

Land  Tax     -         -         •  3     10    O 

Sewers  Tax  -  1150 

The  losses  on  account  of  bad  tenants,  etc.,  amount  to  12J  per  rent 

of  the  rental,  ordinary  repairs  and  expenses  to  r?^  per  cent.,  and 
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collection  of  rent  2^  per  cent.  Find  the -value  of  the  freehold, 
calculated  at  4  per  cent,  simple  interest. 

8.  Which  is  the  more  advantageous  of  the  following  methods, 
which  a  London  merchant  might  employ  to  settle  in  debt  in  Paris  ? 

(i)  Buying  French  4  months  Bills  at  25'76. 
(ii)  Buying  Vienna  Bills  at  24'30,  and  selling  these  ii 
at  1-05. 
Brokerage  I  per  milie. 

9.  Construct  an  isosceles  triangle  ABC,  base  BC  3  ci 
height  AD  9  cm.     Imagine  a  point  O  to  start  from  D  and  ti 
along  the  line  DA  to  A  (see  Fig.  108).     Frvm  A 
measurements   give   a  table  of  values  for 
OA  +  OB+OC  corresponding  to  values  o,  1 
2  ...  9  cm.  of  DO,  and  from  these  data  draw 
a   graph,    representing    DO    by    its    actual 
length   and   OA  +  OB  +  OC    by    5    times    i 
actual  length.      Make  the  scales  used   and 
the  position  of  the  axes  clear  ;  the  zero  may 
be  allowed  to  fall  beyond  the  paper. 

Determine  from  your  graph  how  far  O  has 
travelled  when  the  sum  of  its  distances  from  ^"^-  "*- 

A,  B,  0  is  the  least  possible.  Show  this  position  in  your  figure, 
and  from  measurement  give  the  value  of  the  angles  AOB, 
BOO,  COA.  

1 1.    Find  how  many  different  integers,  besides  unity,  divide 
9009  without  remainder. 

2.  Simplify  ^^ 
and  calculate  it  to  three  places  of  decimals. 

3.  In  187;  there  were  10,803,030  acres  of  cotton  fields  in  the 
United  States,  and  they  produced  4,632,313  bales  of  cotton.  In 
1898  the  acreage  was  14,967,295,  and  the  production  11,189,205 
bales.  Calculate,  for  each  year,  the  average  number  of  bales 
produced  per  100  acres.     (Give  the  nearest  whole  number.) 
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4.  A  person  bought  ^3000  worth  of  stock  in  aj  per  cents  at 
83.  He  sold  out  when  these  funds  had  fa.11en  to  85,  and  invested 
the  proceeds  in  the  6  per  cent,  railway  preference  shares  at  £180 
per  ^100  share.  Find  the  alteration  in  his  income,  brokerage 
being  neglected. 

6.   Find  the  rate  of  interest  incurred  by  a  person  who  buys  the 
piano  player  below  by  monthly  payments  : 
"The  piano  player.    £2<)  cash,  or  36  monthly  payments  of  201." 

6.  Find  the  commercial  discount  at  3I  per  cent,  on  ;£787.  131.  jrf. 
due  six  months  hence. 

7.  A  hollow  spherical  shell  of  metal  has  an  internal  diameter  of 
10  inches,  and  the  thickness  of  the  metal  is  I  inch :  find  the 
number  of  cubic  inches  of  metal  in  the  shell,  and  the  cost  of  gildii^ 
the  surface  at  y.  M.  per  square  foot,  taking  7r=V. 

8.  A  wine  glass  has  its  interior  in  the  torm  of  an  inverted  cone 
of  2  inches  diameter  and  2  inches  depth.  Compare  the  internal 
volume  of  such  a  glass  with  that  of  a  tankard,  the  interior  of  which 
has  the  form  of  a  frustum  of  a  cone,  the  diameters  of  the  ends  beii^ 
3inchesand4inchesrespeclively,  and  the  depth  4'5  inches.   (jr  =  *^.) 

9.  A  commences  business  with  a  capital  of  ^4000.  and  after 
4  months  takes  B  into  partnership  with  a  capital  of  £yx).  Two 
months  later  they  take  C  into  partnership  with  a  capital  of  £^000. 
At  the  end  of  the  year  their  net  profits  amount  to  16  per  cent,  on  the 
whole  capital  invested.    What  should  each  receive  of  the  profits? 

10.   Draw  a  plan  of  the  field,  and  find  its  area  in  acres,  roods, 
perches  from  the  following  field-book  entries  in  links : 
AD 


180  E 
60F 


o     120  Q 
From  A  go  East. 
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J  1.  The  following  work  is  sent  up  by  a  person  in  ai 
question  :  "Find  the  L.C.M.  of  165,  316,  209, 193,  2oa" 


165, 

216,  209, 

192, 

300 

33- 

216,  209, 

192. 

40 

33. 

36,  209, 

32. 

40 

33- 

36,   20q, 

4> 

5 

3, 

36,  19, 

>(, 

5 

L.C.M.  =  5x6x8x11X36x19x5 
=  9,028,800. 


Show  by  an  independent  method  of  working  the  question  that 
the  answer  is  correct. 

The  method  being,  nevertheless,  fundamentally  wrong,  point  out 
the  errors,  and  explain  why  none  of  them  affects  the  result.  Also 
constnict  a  simple  example  wherein  an  error  of  the  same  type  does 
affect  the  answer,  making  it,  e.^.,  three  times  as  large  as  it  should  be. 

2.  Simplify  Tft-«-Alr- 

3.  Express  00416  as  a  vulgar  fraction  in  its  lowest  terms. 
Make  use  of  this  result  in  reducing  0'3754t6  to  a  fraction. 

4.  A  workman  is  10  be  paid  is.  for  his  first  day's  work,  is.  id 
for  the  second  day,  is.  '2d.  for  the  third  day,  and  so  on  increasing 
at  the  rate  of  a  penny  each  day  that  he  works.  Find  how  much 
more  he  earns  in  the  second  week  than  in  the  first,  if  he  works  six 
days  in  the  week. 

6.  A  closed  cubical  cistern,  made  of  metal  i  centimetre  thick, 
has  an  internal  capacity  of  i  cubic  metre.  Assuming  the  metal  to 
be  7  times  as  heavy  as  water,  find  the  weight  of  the  cistern  in 
kilograms. 

6.  How  much  stock  at  97^  must  I  sell  out  in  order  to  realise 
^1300.  And  if,  by  investing  this  .^1300  in  4J  per  cent,  slock  at 
102,  I  increase  my  income  by  ^8.  ts.  %d.  per  annum,  what  rate  of 
interest  was  I  receiving  on  the  former  stock? 

7.  A  hollow  sphere  of  iron  is  of  uniform  thickness.  Its  external 
diameter  is  9  inches  and  its  weight  is  72  lb.  Find  the  volume  of 
the  internal  cavity.  The  iron  weighs  480  lb.  per  cubic  foot,  and 
the  volume  of  a  sphere  of  diameter  d  is  \Trd\ 

If  the  diameter  may  be  wrong  by  o-i  inch,  the  weight  of  the 
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sphere  by  an  ounce,  aod  the  weight  of  a  cubic  foot  of  the  iron  by 

10  lb.,  estimate  the  possible  error  in  your  result. 

8.  Find  to  the  nearest  penny  ihe  amount  of  £4S3  in  3  years 
at  2^  per  cent,  compound  interest. 

9.  A  retail  bookseller  is  supplied  by  a  wholesale  firm,  which 
allows  discount  off  the  published  price  of  certain  books  (Class  A)  at 
40  per  cent. ;  off  all  others  (Class  B)  at  33i  per  cent.  At  the  end 
of  a  year  he  finds  that  he  would  have  paid  2^  per  cent  less  than  he 
actually  did,  had  he  accepted  the  tender  of  another  wholesale  firm, 
which  offered  a  uniform  discount  of  37J  per  cent.  What  percentage 
of  his  purchases  (reckoned  at  published  price)  belonged  to  each 
class?    Give  your  answer  to  the  nearest  integer. 


10.  Draw,  as  accurately  as  possible,  a  fair-sized  plan  of 
from  the  following  field-book  reading.  Then  find  the  area  in 
roods  and  poles. 

The  Field-Book. 


afield 
acres, 


o  F  i6oo     1 

From  A  go  North. 


-+-7 


K  1.   Compute  the  value  of 

correct  to  two  places  of  decimals. 
Compute  the  sum  of  the  infinite  series  of  terms 

to  six  places  of  decimals. 

2.   The  basin  of  the  Severn  is  4350  square  miles  in  urea,  and 
the  yearly  rainfall  29  inches.     Half  of  the  rain  that  falls  is  again 
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evapoTa.ted  and  the  resi  flows  to  the  sea.  Find,  to  the  nearest 
million  gallons,  how  much  water  flows  to  the  sea  per  hour.  (A 
cubic  foot  of  water  is  6-23  gallons.) 

3.  If  the  assessable  value  of  the  County  of  London  is  ^40,142,274, 
find  what  rate  per  pound  must  he  levied  in  order  to  raise  ^2,Soo,ooo- 
(Give  your  answer  in  current  coin.) 

Also,  by  how  much  must  the  assessable  value  increase  that  an 
increase  in  the  rate  of  id.  in  the  pound  should  add  ;^250,ooo  to  the 

4.  A  solid  iron  cube,  the  edge  of  which  is  two  feet  in  length, 
and  a  solid  iron  sphere,  the  radius  of  which  is  one  foot,  are  Ihtown 
into  a  cubical  tank,  which  is  six  feet  across  and  is  half  filled  with 
water.  Find  the  rise  of  the  surface  of  the  water  in  inches,  to  five 
places  of  decimals,  it  being  taken  for  granted  that  the  cube  and 
the  sphere  are  both  completely  submerged. 

5.  Find  the  percentage  error  in  the  following  approximations 
occasionally  used  in  practical  work  : 

(i)  Circumference  of  a  circle  is  equal  to  three  times  the  diameter 

added  to  one-seveiith  the  diameter, 
(ii)  To  get  the  area  of  a  circle :  "Square  the  diameter,  add  the 
one-twentieth  part  of  the  result,  and  take  three-quarters  of 
the  sum  for  the  area." 
State  your  result  true  to  two  important  figures,  assuming  that 
the  true  rules  are  ; 

Circumference=fl'(diameter). 

Area  ^E^^^Hl^^, 

4 
where  r-=3-i4i59  true  to  the  fifth  decimal  figure. 

6.  The  breaking  weight  W  in  tons  for  a  long  iron  column  of 
length  L  feet,  and  diameter  D  inches,  is  sometimes  calculated  by 
the  formula  Dsto 

W=i4-9^-  • 

What  is  the  diameter  of  a  column  60  feet  long,  for  which  the 
breaking  weight  is  226  tons  ? 
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7.  The  difference  between  the  simple  and  compound  interest 
on  a  certain  sum,  for  three  years  at  four  per  cent,  per  annum, 
is  £i2.  i3j.4rf.;  what  is  the  sura? 

8.  Tbere  are  four  vessels  of  equal  capacity ;  the  first  is  filled 
with  Spirit  to  an  extent  of  Jth,  the  second  to  j^th,  the  third  to  |tb 
and  the  last  to  j^rd.  The  first  is  then  filled  up  with  water,  and 
from  this  mixture  the  second  is  filled  up,  again  from  this  second 
mixture  the  third  is  filled  up,  and  in  like  manner  the  fourth  from 
the  third.     What  proportion  of  spirit  to  water  is  there  in  the  fourth 

9.  The  population  of  a  country  increases  re^iuJarly  by  i  per 
cent  every  year  j  find,  to  three  significant  figures,  what  will  be  the 
total  percentage  of  increase  in  lo  years. 

10.  The  railway  rate  per  ton  for  a  certain  class  of  goods  is 
specified  as  follows  ;  For  any  distance  up  to  io  miles,  i  penny  per 
mile ;  additional  for  the  next  30  miles  o-8  penny  per  mile ;  addi- 
tional for  the  next  50  miles  0.5  penny  per  mile  ;  additional  for  any 
further  distance  0-4  penny  per  mile.  There  is  also  a  fixed  terminal 
charge  of  3  shillings  per  ton  irrespective  of  distance.  Find  the 
rate  for  z;,  75  and  145  miles,  in  pence  per  ton,  and  plot  a  curve 
showing  the  rate  for  all  distances  up  10  200  miles. 


LI.    Some  of  the   following   statements   are   obviously   wrong; 
indicate   any  errors  that  you   can  find,  explaining  your  reasons. 
You  need  not  correct  the  mistakes.    The  last  figure  in  each  answer 
is  approximate  only : 
(i)(4.8i6>'=Mi.7. 
(ii)  V^:^8l6 =0.2194. 

(iii)  The  area  of  a  circle  of  radius  81-90  feet  is  5268  square 
feet. 
2.   Work  three  W  the  following  (a,  b,  c,  d)  in  the  most  intelligent 
way  you  can : 

{a)  30  miles  an  hour  is  how  many  feet  per  second? 
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(*)  If  15  per  cent,  of  a  certain  amount  is  £i-].  \as.  f>d.,  what 

would  16^  per  cent,  of  the  same  amount  be? 
(<:)3-i42(7-a6=-5.93^ 
{d)  (1-23456)"  to  five  significant  figures. 

3.  Write  down,  or  obtain  expressions  for  the  volume  of  (i)  a 
pyramid  on  a  square  base ;  (ii)  a  truncated  pyramid  on  a  square 

Find  the  volume  of  air  contained  in  a  street  lamp  with  a  flat 
top  and  bottom,  the  four  slanting  faces  of  the  lamp  being  equal 
trapeziums  with  sides  6,  9J,  12  and  <)\  inches  long. 

4.  In  the  game  ot  dominoes  a  number  of  blocks  are  used. 
Each  block  is  marked  off  into  two  parts,  and  on  each  of  these 
parts  a  number  of  pips,  between  o  and  9  inclusive,  are  marked. 
These  are  arranged  in  all  possible  ways,  and  the  pips  on  the  two 
parts  of  a  block  may  be  the  same  or  different,  and  no  two  blocks 
are  alike.     How  many  blocks  are  there? 

6.  The  formula — —  is  used  by  engineers.     Find  its  value 

to  two  decimal  places  when  n=  i-o%  and  r=2. 

6.  A  man  invests  ^1980  in  the  3J  per  cents  at  99  and  £3220 
in  the  4^  per  cents  at  105  ;  find  the  average  rate  of  interest  on  his 
whole  investment. 

7.  A  cubic  centimetre  of  an  alloy  of  gold  and  silver  weighs 
'3i  grams  ;  assuming  that  a  cubic  centimetre  of  gold  weighs 
19-6  grams  and  a  cubic  centimetre  of  silver  10-2  grams,  and 
that  the  volume  of  the  alloy  is  equal  to  the  sum  of  the  separate 
volumes  of  the  gold  and  the  silver  contained  in  it,  find  the  pro- 
portions by  weight  of  gold  and  silver  in  the  alloy. 

8.  Find  the  radius  of  a  sphere,  the  volume  of  which  is  equal  to 
the  volume  of  a  solid  circular  cylinder  of  height  one  foot  and 
radius  nine  inches. 

9.  A  merchant  who  sold  his  goods  at  a  profit  of  10  per  cent, 
found  that,  when  he  allowed  2^  per  cent,  discount  off  his  selling 
price,   his  business  increased  by  one-third.      Find  whether  his 
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total  profits  were  increased  or  diminished  by  adopting  this  plan, 
and  in  what  proportion. 

10.  Make  a  list  or  table  of  the  integral  powers  of  z  from  index 
-  2  to  index  +4.  Use  your  values  to  draw  a  curve,  the  ordinate! 
of  which  show  the  logariihms  of  numbers  between  0-3  and  16-0 10 
base  3 ;  use  as  unit  for  the  numbers  I  cm.  From  your  curve 
determine  as  accurately  as  you  can  log,['7  and  1ogs5'4. 

Use  your  curve  to  graduate  the  two  pieces  of  gummed  paper  for 
use  as  a  slide  rule  and  fix  the  two  pieces  to  a  page  of  your  book  so 
as  to  show  the  product  of  1-7  and  5'4. 

M 1.    Express  as  a  decimal : 

|T:i]>+trTlP*|T:^F+I....3.4.5l-+-- 

2.  A  person  writes  down  alt  the  numbers  from  21  to  40,  both 
included,  and  proceeds  to  form  the  product  of  every  two  of  than. 
Without  attempting  to  form  the  products,  determine  what  per- 
centage of  the  whole  number  of  them  will  be  divisible  by  6, 

3.  What  is  the  saleable  value  per  ton  of  the  sweepings  of  a 
manufacturing  goldsmiih,  in  whose  workshop  the  quantity  of 
metal  amounts  to  o-oz  per  cent,  of  the  sweepings ;  assuming  tbat 
the  metal  is  to  carat  gold,  and  that  30  per  cent,  of  the  value  of 
the  gold  recovered  is  absorbed  in  the  expenses  of  extraction,  etc? 

Standard  gold  is  916-6  millifemes  (p.  483)  fine,  and  worth 
^3.  17s.  6d.  per  oz. 

4.  There  arc  four  stations  on  a  line  of  railway.     How  many 
different  kinds  of  single  third-class  tickets  must  be  supplied  for    i 
use  on  the  line? 

5.  Three  places.  A,  B,  C,  on  a  railway  are  passed  by  a  train 
at  9,  9.40  and  10.32;  another  train  passes  A  and  B  at  9.50  and    j 
10.16,  both  trains  traveling  uniformly.    At  what  time  should  the 
second  train  pass  C?    If  the  first  is  travelling  24  miles  an  hour,    ' 
what  is  the  rale  of  the  second?    [You  may  work  by  squared  paper 
if  you  choose.] 
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6.  A  man  invests  £7000  in  the  4  per  cents  at  I09g  and  has  to 
pay  an  income  tax  of  is.  in  the  £ ;  what  amount  of  tax  does  he 
pay  and  what  income  has  he  left? 

7.  An  ordinary  pail  is  10  inches  wide  at  the  bottom  and  14 
inches  at  the  top.  If  its  height  be  18  inches,  find  to  the  nearest 
tenth  of  a  gallon  how  much  water  it  will  hold.  [A  cubic  foot  of 
water  weighs  1000  oz.,  and  a  gallon  of  water  weighs  10  lb.] 

8.  Almost  al]  we  know  of  Diophantus,  the  only  algebraist 
Greece  produced,  is  contained  in  the  following  epilaph^ — from  it 
find  how  long  he  hved  :  Diophantus  passed  ^  of  his  life  in  child- 
hood, ^  in  youth  and  }  more  as  a  bachelor  ;  five  years  after  his 
marriage  was  born  a  son  who  died  four  years  before  his  felher  at 
half  his  father's  age  at  death. 

9.  The  table  below  gives  the  relation  between  pressure  and 
volume  for  i  lb.  of  saturated  steam,  between  certain  limits  ot 
pressure.  Plot  a  graph  which  will  show  this  relation,  and  by 
counting  squares  on  sectional  paper,  determine  the  area  bounded 
by  the  curve,  the  horizontal  axis  or  line  of  zero  pressure,  and  the 
limiting  ordinates  (parallel  to  the  line  of  zero  volume). 

If  for  any  small  change  of  volume  of  the  steam,  the  product 
of  pressure  in  lb.  per  square  foot  and  the  change  of  volume  in 
cubic  feet  represents  the  work  done  in  foot  lb.,  find  how  many 
foot  lb.  of  work  will  be  done  in  compressing  the  steam  from  a 
volume  of  4-zg  cubic  feet  to  a  vohime  of  1'53  cubic  feet. 

101-9  4'29 

1151  3-83 

129-8  3-43 

145-8  3-07 

163-3  276 

i8z-4  2-48 

203-3  3-34 

225-9  S03 

250.3  1-84 

276-9  1-68 

305-5  1.53 
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is  a.  quadrilateral  such  that 
AB  =  S  inches. 


AC  -7      „ 

o  of  the  two  segments  ii 


It  by  the  diagonal  AC. 


)  which  the  dif^^onal  BD 


,  find,  correct  to  the 
5,600  square  metres. 
kilograms  of  an  iron  girder  which  is 
re  wide  and  0-45  metre  thick,  having 
iron  weighs  ;.76  grams, 
mual  income  of  ^755  from  a  capital 
e  tax  at  8a^  in  the  pound.  What 
securities  to  yield  the  same  income 
I  the  pound  ? 


N  1.   Given  that  one  foot  =  3c 
nearest  foot,  the  side  of  a  square  field  of  a 

2.  Find  the  weight  i: 
5.4  metres  long,  0.54  mi 
given  that  a  cubic  c 

a.  An  investor  secures 
of  ;£3O,O0O  after  paying  i 
sum  should  be  invested  ii 
after  paying  income  tax  at 

4.  Define  a  sector. 

Two  adjacent  sides  of  a  rectilineal  field  contain  an  angle  of 
67°  30'.  A  cow  is  tethered  at  the  angular  point.  Find  to  the 
nearest  foot  the  length  of  the  tether  so  that  the  cow  may  graze  on 
3  acres  of  land. 

5.  The  following  is  an  advertisement  from  a  daily  paper  ; 
"New  and  well  built  house  for  sale,  price  ^265  cash  down,  or 

£1,  81.  monthly  for  1 5  years.    To  what  rale  per  cent,  simple  interest 
is  this  equivalent? 

6.  A  bicycle  wheel  38  inches  in  diameter  makes  132  revolutions 
per  minute.    Express  its  speed  in  miles  per  hour.    (ir=^.) 

A  cyclist  with  a  28-inch  wheel  says  that  he  can  find  his  speed  in 
miles  per  hour  by  simply  counting  the  number  of  "clicks"  made 
by  his  cyclometer  in  5  seconds,  each  click  indicating  a  revolution 
of  the  wheel.    Test  this  assertion. 

7.  The  annual  average  depth  of  rainfall  for  the  three  years 
1879, 1880,  1881  at  a  certain  place  was  24-98  inches ;  the  succeeding 
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three  years  it  was  29-62.  The  year  1883  was  the  rainiest,  when 
there  fell  4-8  inches  more  than  in  1882,  6'36  inches  more  than  in 
1SS4,  and  7-4?  more  than  in  1880.  The  year  1881  was  short  of  the 
preceding  year  by  only  0-17  inch.  Find  the  depth  of  rain  that  fell 
in  each  of  the  six  years. 

8.  A  fiindholder  directs  his  broker  to  purchase  eight  ^100 
shares  in  a  certain  mine,  quoted  at  272^  per  share.  To  accomplish 
this  he  authorises  bim  to  sell  out  £850  stock  in  the  3  per  cents 
at  95f,  and  .^1300  stock  in  the  4^  at  105^.  The  broker's  charge 
on  each  of  the  three  transactions  is  ^ih  per  cent  What  had  the 
broker  to  receive  upon  the  whole? 

9.  A  person  C  buys  an  estate,  and  some  time  afterwards 
disposes  of  it  to  another  D  for  ;^S4oo-  At  this  price  it  yields 
D  2j  per  cent.  C  previously  obtained  3  per  cent,  for  his  invest- 
ment, but  his  income,  owing  to  less  careful  management,  was  £$6 
less  than  0*5.    What  did  C  originally  pay  for  it  ? 

10.  Show  by  a  graph  (unit  2-5  cm.)  how  the  sum  of  a  number  n 
and  its  reciprocal  -  varies  as  the  number  changes  from  0'2  to  6-5  ; 
use  the  graph  for  solving  the  equation  n+~=a,  (i)  to  find  n  when 
a  =  4-8,  (ii)  to  find  a  when  n  =  3-24. 


0  1.  What  is  the  difference  between  the  compound  interest  on 
^100  for  two  years,  according  as  the  interest  is  paid  yearly  or  half- 
yearly,  4  per  cent  ? 

2.  The  legal  weight  of  a  20-yen  piece  is  257-21  grains,  the 
sterling  value  £2.  at.  ii^d.,  the  weight  of  an  English  sovereign 
being  123-27  grains.     What  is  the  fineness  of  the  20-yen  piece  ? 

3.  A  person  buys  ^6000  Argentine  5  per  cent,  stock  when 
at  93.  On  the  price  rising  to  95,  he  sells  out,  reinvesting  the 
proceeds  in  Chinese  6  per  cents.  He  finds  that  his  new  income 
is  ;^30  more  than  his  old.  What  was  the  price  of  the  Chinese 
6  per  cents?  Brokerage  ^  per  cent,  on  the  Argentines  and 
i  per  cent,  on  the  Chinese. 
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i.  The  salary  of  a  clerk  begins  at  £$o  a  year,  and  every  year  fae 
receives  a  rise  of  ^5.  What  is  his  salary  in  his  yoth  year  of  service, 
and  what  has  he  received  altogether  at  ihe  end  of  the  29th  year? 

5.  A  gasometer  is  in  the  form  of  a  cylinder  with  a  rounded  (op, 
and  the  following  dimensions  are  given  :  diameler  =  28  feet,  height 
at  edges  [4  feel,  height  in  the  middle  16  feet.  Draw  a  section  of 
the  gasometer  on  the  scale  of  1  inch  to  10  feet,  and  calculate  tbe 
number  of  cubic  feet  of  gas  that  the  gasometer  will  hold.  Take 
the  volume  of  the  portion  at  the  top  (above  14  feet)  as  half  the 
volume  of  a  cylinder  of  the  same  base  and  height,  and  the  area  of 
a  circle  as  3'14  times  the  square  on  its  radius. 

6.  I  know  that  the  time  of  the  halfswing  of  a  pendulum  /feet 
long   is    either   Zn-A/ seconds    or    ir\  seconds,    where 

M32-3  V3Z-2 

jr"3-i4i6 ;  I  am  uncertain  which  of  these  is  correct,  but  I  kno« 
that  the  half-swing  of  a  pendulum  a  yard  long  takes  about  a  second. 
Find  from  these  data,  with  as  little  work  as  possible,  which  is  the 
correct  expression. 

7.  A  platinum  bar  expands  rri^nrtr  "f  'ts  length  at  0°  C.  for  a 
rise  of  temperature  of  1°  C,  and  copper  expands  j^Jgo  ^"'^  ^^^  ajat. 

Find  the  lengths  at  0°  C.  of  two  bars,  one  of  platinum  and  the 
other  of  coppter,  such  that,  whatever  be  the  temperature,  the  differ- 
ence of  their  lengths  may  be  always  jio  centimetres. 

8.  The  populations  of  two  towns  are  107509  and  189T60; 
their  birth-rates  per  thousand  are  27'9  and  257.  Find  to  the  same 
degree  of  exactness  the  biith-rate  for  the  two  towns  taken  tc^eth^. 

9.  Evaluate  2^Ht^-i,) 

logrt-logri 
where  ir=  3'142,      i=  0-74, 

'1=^4,  /j=82.3, 

n=   1-25,        '■.=   I'SS- 
10.   A  person  changes  English  money  into  French  at  the  rate  of 
2J  francs  for  £},  and  then  changes  the  money  back  into  English 
at  the  rate  af^d.  per  (ranc.     Does  he  gain  or  lose,  and  how  much 
does  the  difference  amount  to  on  ^100? 
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P 1.  In  1901  the  population  of  the  United  Kingdom  was 
41,800,000,  and  34,500,000  cwt.  of  sugar  were  imported.  How 
many  pounds  (to  the  nearest  whole  number)  did  we  use  per  head 
in  that  year  ? 

2.  Each  member  of  a  society  subscribes  as  many  pence  as 
there  are  members  in  the  society ;  the  total  subscription  is 
^£29.  8j.  ;  how  many  members  are  there  f 

3.  Express  07962  as  a  vulgar  fraction  Jn  its  lowest  terms, 
without  assuming  any  rule  in  the  process. 

Find  the  sum  of  all  numbers  between  one  and  a  million  that 
are  divisible  by  1 19. 

4.  A  refiner  has  10  lb.  of  gold  20  carats  fine,  and  melts  it 
with  16  lb.  of  gold  18  carats  tine  :  how  much  pure  gold  must 
he  put  into  it  to  make  the  whole  22  carats  fine  ?  [24  carats  line 
is  pure  gold,  20  carats  is  20  parts  gold  and  4  parts  alloy.] 

5.  The  sides  of  a  rectangle  are  measured  as  a  inches  and 
*  inches  respectively,  and  its  area  calculated.  If  the  true  lengths 
are  within  *■  per  cent,  of  these  measurements,  express  in  sq. 
inches  the  greatest  possible  error  in  the  calculated  area.  Give  this 
error  to  the  nearest  looth  of  a  sq.  inch  when  i=97,  *=8'6,  x=  1. 

S.  Give  an  expression  for  the  number  of  bricks  measuring  S  by 
4  by  2  inches  that  it  takes  to  build  a  wall  a  yards  long,  i  feet 
high  and  c  inches  thick.  Give  the  result  to  the  nearest  thousand 
when  a—To,  i=6,  c=i6.  (Space  occupied  by  mortar  is  to  be 
disregarded.) 

7.  A  and  B  would  take  15  days  to  do  a  piece  of  work.  They 
work  together  for  5  days  and  then  call  in  C,  and  the  three  finish  in 
6  days  more.  C  does  in  2  days  what  A  does  in  3.  Find  their 
times  separately  for  doing  the  work  and  thus  compare  tbem  as 
workmen. 

8.  Equal  sums  are  invested  in  3  per  cent,  stock  at  80,  4  per 
cent,  at  90  and  5  per  cent,  at  100.  The  price  of  each  stock 
rises  ^10,  so  the  1st  and  3rd  are  sold  and  the  proceeds  invested  in 
the  2nd.  If  the  rise  in  income  be  ^i.  los.,  find  the  whole  sum 
invested.    (No  brokerage  is  to  be  reckoned.) 
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9.  Electric  trams  start  from  a  terminus  every  4  minutes  and 
tvhen  in  motion  run  at  10  miles  an  hour.  Stations  are  ^  mile 
apart  and  thete  is  a  stop  of  ^  a  mioute  at  each.  Find  the  greatest 
and  least  distance  apart  of  two  successive  trains.  Vou  may  treat 
the  question  by  arithmetic  or  graphic  methods. 

10.  A  length  of  10  feet  of  a  water  pipe,  |-inch  in  diameter, 
freezes.  In  freezing  any  volume  of  water  expands  to  1087  times 
that  volume.  Sometimes  this  freezing  bursts  the  pipe,  sometimes 
the  ice  occupies  an  additional  length  of  pipe.  What  additional 
length  of  pipe  is  necessary  in  the  present  case  ?  If  no  additional 
length  of  pipe  is  available,  to  what  diameter  does  the  water  expand 
in  freezing  f 
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TTFICAL  EZAHIHATION  PAP£BS. 

PART   L 
Cambridge  Local  {Preliminary).    I. 

1.  Divide  one  hundred  and  two  million  three  hundred  and 
twelve  thousand  seven  hundred  and  eighty-three  by  eighty-seven, 
and  express  your  answer  in  words. 

2.  Add  together  ^7389.  js.  \\\d.,  /306.  131.  8^^.,  ^94.  19J.  4d., 
/2765.  us.  9irf.,  i8j.  ^d.,  ^784.  4J.  lod.,  and  ^3065.  <is.  7\d. 

3.  Find  the  cost  of  796  pints  of  spirit  at  1  is.  -jd.  per  gallon. 

4.  If  3  cwts.  I  qr.  n  lbs.  cost  ^i.  $s.,  what  would  one  ton  cost 
at  the  same  rate  ? 

5.  Find  the  greatest  common  measure  of  42889  and  56903. 

6.  Reduce  to  their  simplest  forms 

7.  Divide  0566  by  O'o8o7  to  four  places  of  decimals. 

8.  Express  '891  of  ^i  in  shillings  and  pence  correctly  lo  the 

9.  Find,  correct  to  the  nearest  centime,  the  cost  of  387  metres 
7  centimetres  at  5  francs  70  centimes  per  metre. 

10.  Find  the  simple  interest  on  £i^i.  los.  for  150  days  at  3  per 

11.  By  selling  a  horse  for  ^57.  12s.  a  dealer  gains  6J  per  cent. 
What  was  the  original  price  of  the  horse? 

12.  An  estate  is  let  to  three  tenants,  of  whom  the  first  occupies 
two-fifths  of  the  whole,  the  second  thiee-eighths,  and  the  third  the 
remainder,  which  contains  3^  acres  2  roods  24  poles.  What  is  the 
size  of  the  whole  estate? 

Cambridge  Local  {Preliminary).     II, 
1,    Divide  three  hundred  and  fifty  million  three  hundred  and 
one  thousand  three  hundred  and  two  by  seven  hundred  and  nine. 
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2.  Add  together  ^479.  iSj.  84</.,  ^7036.  9s.  lod.,  £&7.  12s.  7\d., 
^3874. 7J.  I  \\d.,  19J.  5rf.,i;4287.  s*.  erf.,  ^39. 14J.  sJrf'.,  and  £176.  13J. 

3.  A  man  spends  on  the  average  41.  9j(/.  per  day.  How  much 
does  he  spend  in  a  year  of  365  days  ? 

4.  A  plot  of  building  land  containing  3  acres  3  roods  25  poles  is 
sold  for  £1312.  i<M.     What  is  the  price  per  acre  ? 

5.  Reduce  to  their  simplest  forms 

(1)  ^^xmi 

(2)  <i-§+3H(i+f+i)- 

6.  Simplify,  without  reducing  10  vulgar  fractions, 

(o-437x4.8)+(o-o56xo-4), 

7.  Express  07187  of  a  mile  in  yards  correctly  to  the  nearest 

8.  A  merchant  buys  23;  metres  S°  centimetres  of  silk  for  659 
francs  25  centimes.  Find,  correct  to  the  nearest  centime,  the  price 
per  metre. 

.  9.    Find  the  simple  interest  on  ^375  for  zj  years  at  2J  per  cent 

per  annum. 

10.  A  grocer  mixes  38  lbs.  of  tea  costing  is.  ^id.  per  Ih  with 
1 1  lbs.  costing  2S.  2d.  per  lb.     Find  the  cost  of  the  mixture  per  lb. 

Find  also,  correct  to  one  place  of  decimals,  what  is  the  grocer's 
gain  per  cent,  if  he  sells  the  mixture  at  is.  10^.  per  lb. 

11.  Two  bicyclists,  A  and  B,  start  at  the  same  instant  to  ride 
from  Cambridge  to  London,  a  distance  of  52-^  miles,  and  travel  at 
uniform  speeds  of  12J  and  Iif  miles  per  hour  respectively.  How 
far  will  B  be  behind  when  A  has  reached  London.' 

Cambridge  Local  {Preliminary).     III. 

1.  Divide  sixty  millions  eight  hundred  and  forty-two  thousands 
five  hundred  and  thirty-five,  by  five  hundred  and  seven;  and 
express  the  answer  in  words. 

2.  Add  together  5*.  7\d.,  £2.  ts.  4}^,  ^^3041.  7s.  w^d^ 
^253.  4J.  gd.,  In7(>.  i2s.  5rf,,  ;^2i9.  \$s.  lorf.,  and  l/v^xyd.  (a.  %ld. 
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5.  The  workmen  employed  in  a  cerUiD  fiictory  earn  on  the 
average  5^.  2^.  each  per  day,  and  334  men  are  employed.  Find 
the  total  sum  paid  in  wages  for  a  week  of  six  days. 

4.   Find  the  greatest  common  measure  of  39483  and  138993. 

6.  Find  the  amount  of  tax  on  ^5354-  I3i-  4^',  at  the  rate  of 
IS.  7^.  in  the  pound. 

6.  Simplify         (I)     i3x3KHf; 

7.  Divide  3789-44  by  eM>368,  and  278944  by  368. 

8.  Find  the  interest  for  three  months  on  /;2o  at  the  rate  of 
3|  per  cent,  per  annum. 

9.  Express  0.5347  of  an  acre  correctly  to  the  nearest  square 
yard.     Find  it  also  correctly  to  the  nearest  square  foot. 

10.  Given  that  a  metre  contains  39'37  inches,  express  five  miles 
in  kilometres  and  metres,  correct  to  the  nearest  metre. 

11.  If  oranges  can  be  bought  at  the  rate  of  three  for  twopence, 
how  many  must  be  sold  for  a  shilling  to  gain  eighty  per  cent. 
profit  on  the  cost  ? 

Cambridge  Local  (Junior). 
A. 

1.  Find  the  highest  common  factor  of  1881,  1976,  and  4332. 

2.  How  many  seconds  are'  there  between  a  p.m.  on  Monday, 
December  10,  and  4.30  p.m.  on  the  following  Saturday? 

3.  Simplify  ^+SV- 
Divide  230-1052  by  000137. 

4.  Add  together  415  of  ^2.  ISJ.  and  1-4  of  half-a-crown. 

5.  Find  the  cost  of  21  cwts.  2  qrs.  10  lbs.  of  cocoa  at  ^3.  7J.  %ii. 
per  cwL 

6.  Gold  wire,  ot  a  certain  thickness,  is  worth  1  franc  56  ci 
per  centimetre  :  what  would  be  the  cost  of  2  met« 
of  this  wire? 

7.  Find  the  simple  interest  on  {^xoif).  7s.  (td.  for  30  days  at  44 
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^     1.   A  cubic  foot  of  water  weighs  looo  oz.,  and  a  gallon  of  water 
weighs  lo  lbs.     Find  the  number  of  cubic  inches  in  a.  pint 

2.  A  contractor  engaged  to  construct  4  miles  of  railway  in  184 
days  ;  but  77  men  working  for  52  days  made  only  one  mile.  How 
many  additional  men  had  he  to  employ,  supposing  all  the  men 
worked  at  the  same  rate  as  before,  in  order  to  complete  fats 
contract  at  the  time  specified  ? 

3.  In  a  cricket  match  between  two  schools  A  and  B,  A  made 
85  more  runs  than  B  in  the  first  innings  ;  but  in  the  second  innings 
B  made  64  per  cent,  more  runs  than  A,  and  won  the  match  by 
43  runs.    What  were  the  scores  in  the  second  innings  ? 

4.  A  hare  makes  9  leaps  in  the  same  time  as  a  dog  makes  4,  but 
the  dog's  leap  is  7  feet  while  the  hare's  is  only  3  feet ;  how  many 
leaps  will  the  dog  have  to  make  before  catching  the  hare,  supposing 
the  hare  to  have  a  start  of  16  yards  on  a  straight  road  ? 

5.  A  merchant  in  New  York  buys  1000  metres  of  silk  in  Brussels 
at  13  francs  ^4  centimes  the  metre  :  what  is  the  cost,  to  the 
nearest  dollar,  assuming  that  25  francs  2a  centimes  are  worth  4-839 
dollars  ? 

6.  A  person  invests  ^299  in  consols  ;  mi  the  price  of  ^100 
consols  being  increased  by  £3.  los.  he  sells  out,  making  a  profit  of 
£ii.7s.6d.    At  what  price  did  he  buy  the  consols  ? 

Oxford  Local  {Preliminary).     I. 

1.  Divide  £7351.  i6j.  b%d.  by  71. 

2.  Find  the  Lowest  Common  Multiple  of  48,  66,  27,  and  72. 

3.  Simplify  3WX4K2A- 

4.  Multiply  34725  by  0-3128. 

6.  Express  §J  as  a  decimal. 

5.  Express  is.  i,\d.  as  a  fraction  of  ^3. 

7.  Find  the  rent  of  a  farm  25  acres  3  roods  16  perches  in  extent 
at^I,  l6f.  %d.  an  acre. 
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8.  If  5  cwt  3  qrs.  20  lb.  of  tea  cost  £44.  ss.  4d.,  what  is  the 
value  of  2  cwt.  16  lb.  ? 

9.  At  what  rate  per  cent,  per  annum,  simple  interest,  will 
£66.  ly.  ^d.  amount  to  £6%.  i^s.  in  i  year  3  months? 

Oxford  Local  {Preliminary).    II. 

1.  Multiply  £i%.  iij.  ^^.  by  79. 

2.  Find  the  Greatest  Common  Measure  of  5434  and  8436. 

3.  Add  together  2  J  and  4Y^.    Also  multiply  2  J  by  i5f. 

4.  Find  the  valueofjVof^?.  S>f- 11-^- 

5.  Divide  iS'25S9  by  506. 

6.  Reduce  3^.  9rf.  to  the  decimal  of  ^5. 

7.  Find  the  cost  of  6  tons  7  cwt.  21  lb.  at  £z.  di,  %d.  per  ton. 

8.  If  4  acres  3  roods  14  perches  of  land  cost  ^Ji6,  what  should 
9  acres  i  rood  20  perches  cost? 

9.  Find,  correct  to  the  nearest  farthing,  the  simple  interest  on 
^650.  4^-.  tyL  for  S  years  at  4J  per  cent,  per  annum. 

Oxford  Local  {Prelimiftary).    IIL 

1.  Ii  ^1028.  17J.  i,\d.  is  divided  equally  among  67  preople,  how 
much  will  each  receive  ? 

2.  Find  all  the  common  measures  of  364  and  546. 

3.  Simplify  (2j+4l)-=.(2f-il}. 

4.  What  fraction  of  £i.  is.  6d.  is  -is.  2d.  i 

6.    Multiply  23-625  by  0-0034,  and  prove  your  answer  by  division. 

6.  Express  0-8125  as  a  vulgar  fraction. 

7.  What  is  the  cost  of  6  cwt.  3  qrs.  20  lb.  at  two  guineas  per  cwt.  ? 

8.  A  field  of  4  acres  z  roods  16  poles  is  rented  at  £ij.  16s. ; 
what  is  the  rent  of  a  similar  field  of  5  acres  3  roods  12  poles  ? 

9.  A  housekeeper  takes  three  half-pints  of  milk  each  week-day  - 
and  one  pint  on  Sunday,  and  her  bill  for  the  week  comes  to  u.  i^d. 
What  is  the  price  of  milk  per  quart  ? 
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Oxford  Local  (Preliminary). 
Higher  Arithmetic 

1.  Find  the  square  root  ol  000034969. 

2.  Linoleum  is  laid  on  a  floor  whose  dimensions  are  18  feet  by 
14  feet,  so  as  to  leave  everywhere  a  margin  of  aj  feet  What  will 
the  hnoleum  cost  at  is.  6d.  per  square  yard  f 

3.  In  what  time  will  ^175  amount  to  ;£i97.  i^s.  at  4  per  cent 
per  annum  simple  interest  ? 

4.  What  is  the  cost  of  157  centimetres  of  a  material  sold  at 
2  marks  30  pfennigs  per  decimetre  ? 

5.  A  man  leaves  £(3Vxi  to  be  divided  among  4  sons,  3  daughters, 
and  3  nephews.  If  each  daughter  receives  three  times  as  much  as 
each  nephew,  and  each  son  five  times  as  much  as  each  nephew, 
how  much  does  each  nephew  receive? 

6.  A  man  holding  ^3000  of  a  3  per  cenL  stock  sells  out 
when  the  stock  is  standing  at  95,  and  invests  the  proceeds  in  a 
5  per  cent,  stock  at  1 14.    What  is  the  change  in  his  income  ? 

7.  A  man  travels  from  A  to  B  to  buy  goods  which  he  can  get 
10  per  cent,  cheaper  in  B  than  in  A  If  the  expenses  of  the  journey 
are  i;  shillings  and  he  makes  a  clear  saving  of  ten  shillings,  what 
does  he  pay  for  the  goods  ? 

Oxford  Local  {/umor). 

1.  Simplify{2l  +  4j-ii)^(4A-2!,+  'i)- 

2.  What  fraction  of  £\.  or.  t^d.  is  41.  icw^  ? 

3.  Find  (correct  to  the  nearest  penny)  the  rent  of  a  field  ot 
i6  acres  I  rood  34  poles  at  ^5.  ijs.  dd.  an  acre. 

4.  Show  that  to  four  places  of  decimals  ^-^  is  a  correct 
approximation  to  the  square  root  of  5. 

5.  If  35  francs=^i,  and  a  gram=oco2204  lb.  avoirdupois, 
find  (in  French  money)  the  price  of  a  kilogram  of  an  article  which 
costs  a  shilling  an  ounce. 
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S.   A  builder  undertakes  to  complete  a  contract  in  40  days. 
He  employs  15  men,  and  at  the  end  of  36  days  only  half  the  work 
is  done.     What  is  the  least  number  of  extra  men  that  he  must_ 
engage,  in  order  to  complete  the  work  in  the  specified  time? 

7.  Find  (correct  to  the  nearest  penny)  the  compound  interest 
on  ^1500  for  3  years  at  3^  per  cent,  per  annum. 

8.  The  internal  dimensions  of  a  box  wiihout  a  lid  aie  as 
follows :  length  4  fcet  2  inches,  breadth  2  feet  4  inches,  depth    . 
2  feet  I    inch.     Find,   correct   to  the  nearest   penny,   the  cost  of 
lining  it  with  a  material  costing  dd.  per  square  foot. 

9.  A  bankrupt's  liabilities  are  j(,izy^  His  assets  are  nominally 
^970,  part  of  which  consists  of  debts  owing  to  him.  He  only 
succeeds  in  recovering  60  per  cent,  of  his  debts,  and  pays  his 
creditors  12  shillings  in  the  pound.  What  is  the  amount  of  the 
debts  originally  owing  to  him  ? 

10.  Which  is  the  better  investment:  a  5  per  cent,  stock  at 
132  or  3i  per  cent,  stock  at  94?    Give  reasons  for  your  answer. 

College  of  Preceptors  ( TMrd  Class).    I. 

1.  (i)  Write  down  the  number  three  hundred  and  forty-one 
million  three  hundred  and  eighty  thousand  three  hundred  and  fifty- 

(ii)  Divide  9876543  by  567  (using  factors),  and  explain  how  you 
find  the  remainder. 

(iii)  Express  the  quotient  in  words. 

2.  A  train  is  made  up  of  an  engine  and  nine  carriages.  If  the 
weight  of  the  engine  be  36  tons  2  cwt.  3  qr.  21  lb.,  and  that  of  each 
of  the  carriages  1 1  tons  1 5  cwt.  3  qr.  19  lb.,  find  the  whole  weight  of 
the  train, 

3.  A  grass  field  contains  10  acres  3  roods  36  poles.  If  162936 
square  feet  be  ploughed,  find  how  many  acres,  roods,  square  yds., 
etc.,  remain  under  grass. 

4.  A  landlord's  net  rental,  after  paying  income  tax  at  the  rate  of 
\s.  in  the  £,,  is  £7101-  '4^.  6^-     Find  his  gross  rental. 

J.H.A.  2N 
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5.   Add  together  3},  4^,  sj,  6J,  7^, ;  and  subtract  ig  from  If. 

7.  What  do  you  mean  by  a  decimal  ?  What  do  the  3  and  6 
respectively  mean  in  38'046? 

Express  as  vulgar  fractions  in  their  lowest  terms ;  0-02,  ooiS, 
2-25,  1-005. 

8.  Multiply  369  by  00058  ;  and  divide  1-392  by  0-00116. 

9.  If  3  tons  iB  cwt.  of  lead  cost  £100.  sj,  3d.,  what  is  the  value 
of  3  cwt  2  qr.  of  the  same  f 

10.  Find  by  Practice  the  rent  of  69  acres  2  roods  2B  poles  at 
£2.  ss.  per  acre. 

11,  At  an  election  where  only  seven-eighths  of  the  whole  number 
of  voters  voted,  one  of  the  two  candidates  received  a  fourth  as 
many  votes  again  as  the  other,  and  beat  him  by  896  voles. 
What  was  the  whole  number  of  voters  ? 

College  of  Preceptors  {Professional  Preliminary). 

1.  A  light  was  seen  at  intervals  of  13  sec  It  was  seen  ihe 
first  time  at  I  hr.  54  min.  50  sec.  a.m.,  and  the  last  time  at  3  hr. 
17  min.  49  sea  a.m.     How  many  times  was  the  light  seen  ? 

2.  If  257  sheep  and  37  oxen  were  bought  for  .£1187.  9*.,  ssA 
the  average  prict!  of  an  ox  was  ;^i8.  7J.  6rf.,  what  was  the  average 
price  of  a  sheep? 

3.  Explain  how  to  obtain  quantities  of  sand  weighing  2  lb., 
13  lb.,  23  lb.,  and  39  lb.  respectively  from  a  large  heap  of  sand, 
using  scales  sufBciendy  large  to  weigh  7  lb.  of  sand  at  a  time,  and 
only  two  weights,  one  of  4  lb.,  the  other  of  7  lb. 

4.  Simplify  {5iJ+3H+2iV!}^{8*-3A-2t(. 

5.  Find  the  value  of  o-6o37+VV+o-o23-^i  in  decimal  form, 
correct  to  the  nearest  figure  in  the  fifth  decimal  place. 

6.  Express  the  sum  of  2  tons  2  lb.  and  Jf  of  6  tons  5  cwt 
3  qr.  9  lb.  as  a  decimal  of  25  tons. 
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7.  What  is  the  rent,  to  the  nearest  centime,  of  27-3  ares  of 
land,  at  the  rate  of  5S30  francs  for  89-8  hectares  ? 

[1  franc=  100  centimes.] 

8.  Calculate,  to  the  nearest  penny,  the  sum  to  be  paid  to  a 
creditor  whose  debt  is  ^183.  13s.  lod.  when  his  debtor  pays 
14s.  7\d.  in  the  £. 

9.  The  base  of  a  rectangular  tank  is  horizontal,  and  the  area 
of  the  base  inside  is  37  square  metres.  What  is  the  depth  of 
the  water,  to  the  nearest  eentimelre,  when  the  tank  contains 
17  kilohtres  of  water?    [A  litre  is  a  cubic  decimetre.] 

10.  A  square  field  whose  area  is  128634  sq-  yd.  is  to  be  enclosed 
with  barbed  wire  placed  at  heights  of  1,  3,  3,  and  4  feet  above 
the  ground.  What  length  of  wire,  to  the  nearest  yard,  will  be 
wanted  if  the  length  of  wire  required  for  each  circuit  is  3  per  cent 
greater  than  the  perimeter  of  the  field  ? 

11.  Eleven  persons  contributed  a  certain  sum.  Nine  of  them 
gave  £i  apiece,  and  the  other  two  persons  gave  £$  and  ;£io  more 
respectively  than  the  average  subscription  of  the  eleven  subscribers. 
What  sums  did  the  two  persons  give  ? 

12.  if  46  per  cent,  of  a  regiment  containing  1150  men  are 
recruits,  how  many  recruits  must  be  taken  out  in  order  that 
25  per.  cent  of  the  remainder  may  be  recruits? 

College  qf  Preceptors  {Second  Class  or  Junior).    I. 
L    How  much  will  a  million  and  a  quarter  of  oranges  cost  at 
4^.  a  dozen  ? 

2.  How  many  sheep  worth  ^3.  jys.  td.  each  must  1  give  in 
exchange  for  7  oxen  worth  £27.  is.  6d.  each  ? 

3.  I  design  a  room  i3  ft  square  and  11  ft.  high.  Its  windows, 
doors,  and  fireplace  will  take  up  10  sq.  yds.  How  many  pieces 
(each  12  yds.  long)  of  paper,  2J  ft.  wide,  will  give  me  what  I 
require  for  the  walls  ;  and  how  many  yards  of  carpet,  22  in.  wide, 
shall  1  need  for  the  floor,  allowing  a  space  7  ft  by  i^  ft.  for  the 
hearthstone  ? 
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i.  My  lad  has  gone  to  the  post,  distant  121  yds.  less  than  half 
a  mile  away.  If  he  walks  down  to  it  at  the  rate  of  3  miles  an 
hour,  and  returns  up  from  it  at  the  rate  of  2  miles  an  hour,  find 
how  long,  to  the  nearest  second,  he  will  be  gone. 

5.  Simplify — 

0)(47i  +  i6i-i9ft)xiS!- 
(ii)(4j-3i)><(7!-SAH(fof?ofSof2}S^). 

6.  Add  together  40,  004, 0-0004,  40004  ;  and  divide  the  result 
by  400. 

7.  Obtain  the  square  root  of  1787-5984  ;  and  square  154.305. 

8.  What  will  the  Simple  Interest  on  ^14,500  amount  to  in 
3i  years  at  3^  per  cent,  ? 

fl.  If  1  give  ^10,500  for  741  acres  of  land,  how  much  do  I  pay 
peraref    [i  hectare=2-47  acres.) 

10,  Write  down  3J  cub.  millimetres  as  a  decimal  of  a  cub. 
decimetre ;  and  2^  square  centimetres  as  a  decimal  of  a  square 

11.  The  "Victorious"  left  Malta  on  Saturday,  May  13th,  1905, 
at  3  p.m.,  steaming  10  knots  an  hour.  The  Royal  Vacht,  with 
the  Queen  on  board,  caught  her  up  and  steamed  past  her  at  the 
rate  of  15  knots  an  hour,  at  8  p.m.  on  the  Monday  following.  At 
what  time  and  date  did  the  latter  leave  Malta;  and  at  what 
distance  from  Malta  mere  the  two  ships  abreast,  their  speeds  being 
uniform  throughout  ? 


College  of  Preceptors  {Third  Class).  II. 
1.  The  average  daily  supply  of  water  within  the  area  of  the 
Metropolitan  Water  Board  during  the  month  of  January  last  was 
two  hundred  and  four  millions  nine  hundred  and  ninety-four 
thousand  gallons.  The  estimated  population  within  the  same  area 
being  six  millions  seven  hundred  and  seventy-four  thousand  eight 
hundred  and  thirty-nine,  calculate  to  the  nearest  gallon  the  supply 
per  head  per  day. 
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2.  A  and  B  set  out  walking  from  the  same  place  in  opposite 
directions  at  the  rate  of  3^  miles  an  hour  and  3f  nilles  an  hour 
respectively.     In  what  time  will  they  be  58  miles  apart  f 

3.  A  sum  of  ^25.  14^.  31/  is  divided  among  3  men  and 
5  women  so  that  each  man  may  havi:  twice  as  much  as  a  woman. 
What  sum  will  each  man  receive? 

4.  Find,  by  Practice,  the  value  of  159  cwt.  3  qr.  z2  lb.  at 
£2.  i2s.  6rf.  per  cwt 

5.  What  fraction  added  to  the  sum  of  1^+48+78  will  make  a 
sum  total  of  15? 

7.  Reduce  00375  and  im»25  to  vulgar  fractions  in  their  lowest 
terms  ;  and  find  the  value  of  o-oiS  of  ^4.  y.  4^. 

8.  Multiply  0-59324  by  £mx)67S  ;  and  divide  5-084976  by  16-86. 

9.  If  2  acres  1  rood  27  poles  of  land  cost  ^258,  what  should 
18  acres  3  roods  of  the  same  sort  of  land  cost? 

10.  The  debts  of  a  bankrupt  amount  to  ^4269-  1*-  erf-  He  has 
assets  amounting  to  ^2846.  or.  Sd.  How  much  in  the  pound  can 
he  pay  his  creditors? 

11,  Calculate  in  tons  the  weight  of  water  in  a  reservoir  I  acre 
in  area,  and  having  a  depth  of  18  inches,  a  cubic  yard  of  water 
weighing  15  cwL 

CoHeg-e  of  Preceptors  (Second  Class  or  Junior).    II. 

1.  Find  in  millimetres,  correct  to  the  nearest  millimetre,  the 
circumference  of  a  carriage  wheel  which  makes  59,173  turns  in 
travelling  170  kilometres. 

2.  Express  in  pounds,  shillings,  pence,  and  farthings  the  least 
exact  sum  of  money  greater  than  1541  half-crowns,  and  the 
greatest  exact  sum  of  money  less  than  1957  (torins.  How  many 
different  exact  sums  of  money  are  there  which  are  both  greater 
than  1541  half-crowns  and  less  than  1957  Aorins? 
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3.  What  is  the  greatest  common  measure  of  13,936  and  20,328  ; 
also  what  numbers  between  20  and  50  will  exactly  divide  both  of 

4.  Simplify      ^'^*r^j/ ?*:'*- 

5.  Obtain,  in  decimal  form,  the  values  of 

0'3XO'2+o-2i  xo-4  and  04 x 0-2 -0-21  XO'3  ; 
and  divide  the  sum  of  the  squares  of  the  two  values  by  14-5. 
What  is  the  square  root  of  that  sum  ? 

6.  Determine  the  difference,  correct  to  the  nearest  second, 
between  29-5306  days  and  27-3217  days. 

7.  If  457  quarters  of  wheat  cost  ^109.  4J.  8rf.  more  than 
659  quarters  of  oats  at  i6s.  4i£  per  quarter,  what  was  the  price  of 
I  quarter  of  wheat  ? 

8.  Find,  by  Practice,  correct  to  the  nearest  penny,  the  value  of 
13  cwt.  3  qr.  20  lb.  at  ^59  per  ton. 

9.  Assuming  that  A  spends  ;£3O,00O  in  365  days,  and  that  B 
spends  24^.  in  7  days,  express  B's  daily  expenditure,  (i)  as  a 
fraction,  and  (ii)  as  a  decimal,  of  A's  average  daily  expenditure — in 
the  latter  case,  correct  to  the  nearest  figure  in  the  sixiA  decimal 
place. 

10.  A  dealer  bought  some  pears  at  91'.  per  hundred  and  sold 
them  for  £2.  ^s.  loiL  If  he  obtained  an  average  price  of  is.  4^^. 
per  dozen,  what  whole  profit,  and  what  rate  per  cent  of  prolit,  did 
he  make  ? 

11,  If  a  sheet  of  lead  iO'9  metres  long  and  ig  decimetres  wide 
weighs  1747  kilc^rammes,  and  i  cubic  centimetre  of  lead  neighs 

"  II-4  grammes,  what  is  the  thickness  of  the  sheet,  correct  to  the 
nearest  tenth  of  a  millimetre  ? 

Collegx  cf  Preceptors  {Third  Class).    III. 
1.   Divide  eight  million  one  hundred  and  fifly-three  Uiousand 
and  seventy-eight  by  sixty-three,  using  factors,  by  short  division  ; 
and  give  the  method  by  which  you  find  the  remainder. 
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2.  ^84a  9^.  lid.  is  to  be  divided  equally  among  65  persons. 
How  much  does  each  receive  ? 

3.  A  plot  of  land  45  ft.  by  16  fl.  produces  32  stones  of  potatoes. 
What  is  the  produce  per  acre  f 

i.  Find,  by  Practice,  the  cost  of  1 1  tons  12  cwt.  2  qrs.  14  lb.  of 
goods  at  £y  6s.  Sd.  per  ton. 

6.   What  fraction  must  be  subtracted  from  the  sum  of 

to  leave  18  exactly? 

6.  Simplify        (3§+4Aofi?)-r-(5A-3l8). 

7.  What  is  meant  by  the  Ucal  value  of  a  digit  ?  Write  down 
the  local  value  of  each  figure  in  the  number  78-543. 

Express  f  of  half-a-crown  as  a  fraction  of  a  guinea. 

8.  Multiply  0-00806  by  7-5,  and  divide  17' 175  by  00125. 

9.  A  train  travels  30  miles  an  hour.  Express  this  speed  in 
feet  per  second. 

10.  A  ship  worth  j^zo.ooo  belonging  to  four  persons,  A,  B,  C, 
and  D,  became  a  total  loss.  A  owned  |,  G  J,  C  J,  D  \.  She  was 
insured  for  ;£iSiOOo.    What  will  each  receive,  and  what  will  he  lose.' 

11,  A  brick  measures  9  in.  long,  4-5  in.  broad,  and  2-75  in.  deep. 
How  many  such  bricks  are  contained  in  a  wall  16-5  ft  long,  13-5  in. 
broad,  and  4-5  ft.  high  ? 

Pupil  Teacher  Candidates  {Junior  Grade). 

1.  A  man  borrows  £yxi  from  one  person  at  3  per  cent,  and  also 
^750  from  another  person  at  n^  f>er  ceni.  At  what  rate  does  the 
man  pay  interest  on  the  whole  sum  of  money  borrowed? 

2.  How  many  lengths  of  wire  o-S;  inch  long  can  be  cut  from  a 
piece  37;076  inches  long?    What  is  the  length  of  the  remainder? 

3.  A  cistern  open  at  the  top  is  13  fl.  long,  8  f).  broad,  and  i\  ft. 
deep.    What  will  it  cost  to  paint  the  inside  at  i^d.  per  square  yard  ? 

4.  A  man  after  spending  three-quarters  of  his  money  and  two- 
fifths  of  the  remainder  had  8^.  91/.  left.    What  did  he  spend  ? 


;dbv  Google 


S68  A   MODERN  ARITHMETIC 

S.  A  grocer  adds  to  a  chest  of  tea  worth  2s.  6d.  a  lb.,  twc 
per  cent  of  its  weight  of  another  kind  of  tea  worth  \s.  f)d.  a 
What  is  the  mixture  worth  t 


Pupil  Teacher  Candidates  {Senior  Grade). 
{Questions  I  to  $  were  not  arithmetical  questions.) 
6.   The  heights  of  the  barometer  at  certain  times  on  March 
i6th  are  given  in  the  following  table  : 


Time  of  observation 

2  p.m. 

4.IS 

8.0 

10.30 

Midnight 

Height  of  barometer"! 
in  inches       -         -J 

29-4 

29-3 

29-1 

28-95 

2905 

Construct  on  squared  paper  a  graph  showing  this  variation. 

7.  Three  trucks  contain  25  tons  16  cwt.  of  coal.  The  first 
track  contains  0-411  and  the  second  0-214  of  the  whole.  What 
weight  of  coal  is  there  in  the  third  ? 

8.  A  can  mow  a  field  in  4J  days,  B  in  5^  days.  If  they  wodi 
together  for  two  days,  what  fraction   of  the  field  will  be  left 


a  cup  containing  J  of  a  pint  be  filled 
i.  I  quart  of  milk  ? 

neasurincT  t6  ft  by  14  ft  6  inches  is 
idth  of  I  ft.  3  inches  of  bare  board  on 
a  of  the  carpet? 

1  article  so  as  to  make  2;  per  cent  cD 
he  would  have 


9.  How  many  times  ca 
from  a  can  containing  2  ga 

10.  A  rectangular  roon- 
carpeted  so  as  to  leave  a 
every  side.    What  is  the  a 

11.  A  shopkeeper  sells 
the  cost  price.     If  he  had  sold  it  for  sixpence 
made  thirty  per  cent.    What  is  the  selling  price  ? 

12.  A  man  went  to  market  with  8^.  ^.  in  his  pocket  He  sold 
45  sheep,  and  then  bought  3  cows  for  £,\S.  $s.  each.  He  then 
had  £21.  ts.  gd.    What  sum  did  he  get  for  the  sheep  ? 
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Preliminary  Examination  fyr  the  Certificate. 
Part  I. 

1.  Annie  was  born  on  August  3rd,  1903,  while  her  baby  brother 
was  106  days  old  on  last  Christmas  Day.  How  old  was  Annie  in 
years  and  days  when  the  baby  was  born? 

2.  I  have  12  reels  of  cotton  each  containing  a  single  piece  of 
cotton  220  yards  in  length.  Explain  clearly  how  many  pieces  of 
cotton  can  be  cut  off,  so  that  each  may  be  75  feet  in  length  and 
without  a  join. 

3.  Continue  the  decimal  fraction  7.3  by  writing  in  the  second 
decimal  place  a  number  that  means  one-sixth  as  much  as  the  3, 
and  give  reasons  for  your  answer. 

4.  What  is  the  nearest  sum  to  ^ofjfia  that  can  be  paid  in  our 
coinage — 

(a)  if  farthings  are  allowable, 
{b)  without  the  use  of  farthings  ? 

5.  Write  out  so  as  to  be  understandable  by  a  child  acquainted 
with  multiplication,  division,  and  fractions  but  not  with  ratio,  Che 
solution  to  the  following  sum  : 

If  it  cost  ^3  to  carry  a  weight  fbr  144  miles,  what  will  it  cost, 
to  carry  the  same  weight  for  117  miles  at  the  same  rate  per 
mile? 

6.  A  florist  buys  flowers  at  Ihe  rate  of  is.  for  14  ;  he  sells  them 
at  IJ-  ^d.  a  dozen.     How  many  must  he  sell  to  make  a  profit  of 

II..  <»i; 

7.  A  brick  measures  9  inches,  by  ^\  inches,  by  3  inches.  How 
many  will  be  required  for  a  solid  wall  zi  feet  9  inches  long, 
13^  inches  thick,  and  4  feet  6  inches  high,  when  the  thickness  of 
the  mortar  is  neglected  'i 

8.  Assuming  that  the  product  of  376038  and  294876  is 
110884581288,  find  the  product  of  376038  and  294879J. 

9.  Write  out  folly  in  -words  the  work  involved  in  dividing  4731 
by  3,  being  carefiil  to  state  fully  the  true  value  of  every  dividend, 
quotient,  and  remainder. 
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10.  A  person  who  has  0-3  of  a  mine,  sells  ?  of  his  share  for 
£i27S-     What  is  the  value  of  all  the  shares  in  the  mine? 

11.  State  clearly  why  the  suggested  answers  to  the  following 
questions  are  obviously  wrong : 

(i)  Multiply  9 J^  by  6j!.    Answer69. 

(2)  How  much  tea  at  is.  yd.  a  lb.  must  be  mixed  with  a  cwt 
of  tea  at  21.  6rf.  a  lb.  in  order  that  the  mixture  may  be  worth 
ts.  I  i^d.  a  lb.  ?    Answer  49  lb. 

(3)  Multiply  573  by  963.    Answer  550799. 

(4)  Which  is  the  greater— 26  cubic  feet  or  a  cubic  metre? 
Answer  26  cubic  feet. 

12.  A  coal  merchant  bought  44  tons  of  coal  at  an  average  price 
of  I2S.  bd.  a  ton.  When  doing  this,  he  gave  zoj.  a  ton  for  9  tons, 
9J.  6^  a  ton  for  13  tons,  and  lu.  -jd.  a  ton  for  12  tons.  What 
was  the  price  per  ton  that  he  gave  for  the  remainder  1 

13.  A  man  borrowed  ^£20  and  agreed  to  pay  \s.  a  month  for  the 
use  of  the  money.    At  what  rate  per  cent,  did  he  pay  interest  ? 

14.  A  grocer  weighed  out  what  he  thought  were  i  lb.  packets 
of  tea.  He  then  discovered  that  his  lb.  weight  was  really  15I  oz. 
How  much  tea  was  there  in  100  packets,  and  how  many  complete 
packets  did  he  make  out  of  I  cwt.  ? 

15.  Work  as  clearly  as  possible,  by  the  shortest  method  you  can 
think  of,  the  following  : 

(a)  1993-^1993- 

(d)  Find  the  cost  of  2400  articles  at  igj.  \\\d.  each. 

«<'*-*>- 5FTV 

((^  The  cost  of  8250  bricks  at  \os.  kd.  a  thousand. 
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PART    II 
Civil  Service  Commission. 

1.  A  sample  of  petroleum  weighed  about  S64  ounces  per  cub.  foot. 
Find  how  many  grains  it  weighed  per  litre.  (1  kilo=2'2o6  lb., 
I  metr«=3-28  ft.) 

Show  that  for  any  substance  the  number  of  ounces  per  cubic  foot 
is  nearly  equal  to  the  number  of  grams  per  litre. 

2.  Fig.  I  is  drawn  on  a  scale  of  10  feet  to  the  inch,  and  represents 
the  end  view  and  side  view  of  a  shed,  the  roof  and  side  walls  of 
which  are  made  of  corrugated  iron.  Find  the  cost  of  the  roof  and 
side  walls  at  \\d.  per  square  foot 


are  given  in  the  Census  of  1901  : 


Dblricl. 

NumbEi  of  Acres. 

Por"lation. 

London 

Westmoreland 

England 

74,839 

505.330 

32,611,033 

4.536,541 

64,409 

30,829,695  . 

Find,  in  each  district,  the  population  per  acre  correct  to  three 
decimal  places,  that  is,  to  the  nearest  thousandth.  And  calculate 
to  two  significant  figures  the  ratio  of  the  density  of  London  to  that 
of  England  and  the  ratio  of  the  density  of  Westmoreland  to  that 
of  England. 

4.  The  pressure  of  the  atmosphere  is  1 5  pounds  per  square  inch. 
When  a  bicycle  tyre,  of  capacity  A  cubic  inches,  is  inflated  by  a 
pump  of  capacity  B  cubic  inches,  the  pressure  of  air  in  the  tyre, 
after  n  strokes  of  the  pump,  exceeds  the  atmospheric  pressure  by 
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n  X  B-i-A  times  the  atmospheric  pressure.  In  a  certain  case  the 
pump  is  lo  inches  long  and  |-inch  in  diameter ;  the  lyre  may  be 
treated  as  a  cylinder  88  inches  long  and  ij  inches  in  diameter; 
and  the  capacity  of  a  cylinder  a  inches  long  and  b  inches  in 
diameter  is  079  x  a  x  *  x  *  cubic  inches. 

Find  the  capacity  of  the  tyre  and  of  the  pump,  and  the  pressure 
of  the  air  in  the  tyre  after  40  strokes,  each  10  two  significant  figures. 

5.  A  book  of  gold  leaf  contains  25  leaves,  3J  inches  square  and 
sa^nra  of  an  inch  thick.  If  a  cubic  inch  of  gold  weighs  0-697  lb^ 
and  I  lb.  of  pure  gold  is  worth  ^61.  igj.,  find  the  value  of  the  gold 
in  the  book  to  the  nearest  penny. 

6.  Fig.  2  shows  on  a  scale  of  I  to  2000  a  level  field  ABCD,  con- 
taining a  pond  E,  whose  average  depth  is  60  cm,  below  the  level 


of  the  field.  It  is  proposed  to  remove  the  water  from  E  and  fill  up 
with  earth  taken  from  the  surface  of  the  rest  of  the  field.  Find, 
by  pricking  the  diagram  through  on  to  your  book  and  counting 
squares,  what  fraction  of  the  whole  field  is  covered  by  the  pond ; 
and  hence  calculate  how  many  centimetres  the  sur&ce  of  the  field 
will  have  to  be  lowered  in  order  to  fill  up  the  pond. 

If  the  work  costs  is.  per  cubic  metre  moved,  what  is  the  total 
cost? 
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573 


Civil  Service  Commission. 
Higher  Arithmetic. 

1.  A  man  buys  a  house  for  ^1150.  There  is  a  ground  rent  of 
^25  a  year,  and  annua]  repairs  come,  on  an  average,  10  ij  per  cent, 
on  ihe  purchase  price  of  the  house.  At  what  rent  must  he  let  the 
house  to  clear  8  per  cent  per  annum  on  the  purchase  price  ? 

2.  By  pricking  off  Fig.  3  (shown  only  half-size)  on  to  your  book, 
and  counting  squares,  6nd  its  area  in  square  c 


find  the  weight  of  steel  rail,  of  this  section,  for  a  single  line  railway 
17  kilometres  long.    Answer  in  tonnes. 

(i  cub.  centimetre  of  steel  weighs  T-%  grams.) 

3.  A  man  takes  a  boat  and  rows  up  stream.  When  he  has  gone 
i^  miles  up  stream  he  passes  a  bottle  floating  down  with  the 
stream.  He  goes  on  up  the  river  for  another  18  minutes  and  then 
turns.     When  he  gets  back  to  the  starting- place  he  finds  that  the 
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bottle  has  just  arrived  there.  Assuming  that  his  speed  through 
the  water  and  the  speed  of  the  stream  are  both  uniform,  find  the 
speed  of  the  stream  in  miles  per  hour. 

i.  A  wine  merchant  buys  in  Bordeaux  a  cask  of  claret,  and 
the  freight  to  London  is  £i.  It  contains  208  litres  of  wine  at 
75  centimes  the  litre,  and  for  the  cask  itself  he  has  to  pay  12  francs. 
He  has  to  pay  duty  is.  3d.  per  gallon,  and  bottles  the  wine  at  a 
cost  of  2s.  a  dozen  bottles.  If  he  sells  it  at  iSf.  a  dozen,  what 
percentage  of  this  price  is  profit  ? 

(£1—25  francs  =  2500 centimes;  6 bottles=i gallon  =  4-546 litres.) 
6.  From  the  following  tabic  find  (10  the  nearest  shilling)  the 
value  per  cwt.  of  coffee  in  1903,  in  1904,  and  in  1905.  Find  also 
the  percentage  falling  off  in  1905  in  quantity  and  in  total  value  as 
compared  with  1904,  each  percentage 
reckoned  on  ihe  1904  numbers 


1903 
1904 
1905 


■centage  to  the 

nearest  integer  and 

ami.yln,portcd. 

C»H. 

Val«  in  £. 

1,143,526 

3.134,924 

1,055,866 

3.329.598 

956,226 

2,707,169 

6.  In  Fig.  4  ABC  re- 
presents the  circumference 
of  a  new  grindstone 
weighing  102  lbs.  Find 
its  weight  when  it  is 
worn  down  to  DEF. 
Ignore  the  hole  through 
the  stone. 
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7.  If  a  water-pipe  is  L  yards  long,  i^  inches  in  diameter,  and  one 
end  (s  H  feet  higher  than  the  other,  then  ^(s^fxH^L.  gallons  of 
water  will  flow  through  the  pipe  in  a  minute.  Use  this  formula  to 
find  how  many  gallons  per  minute  will  flow  through  a  pipe  a  mile 
long,  4}  inches  in  diameter,  one  end  being  38  feet  higher  than  the 
other. 

8.  Two  crews,  A  and  B,  row  a  race.  For  the  first  4  minutes 
A  row  33  strokes  a  minute  and  their  boat  travels  36  feet  through 
the  water  at  each  stroke.  B,  who  have  been  rowing  32  strokes 
a  minute,  are  then  80  ft.  behind.  A  then  drop  to  31  strokes  a 
minute,  but  their  boat  moves  37  ft.  through  the  water  at  each 
Stroke,  while  B  quicken  to  33  strokes  a  minute,  but  their  boat 
moves  at  each  stroke  1^  ft.  less  than  it  did  before.  If  they  go  on 
like  that,  how  long  will  it  be  before  the  boats  are  level,  and  how 
far  will  they  then  have  rowed  ? 

Board  of  Education  {Certificate  Examination). 
(Questions  7,  9,  10,  11,  12  were  Algebraical.) 

1.  Evaluate  as  shortly  as  you  can  the  three  most  important 
figures  in  the  product  of  468o'i3576  and  286423-5791,  stating 
shortly  Ihe  reasons  for  your  procedure. 

2.  How -would  you  teach  children  who  are  acquainted  with  the 
mensuration  of  a  circle  to  find  the  volume  of  a  cylinder  ? 

Three  cylinders  are  of  the  same  height  and  of  the  same  material. 
Prove  that  a  triangle  whose  sides  are  equal  to  the  diameters  of 
the  cylinders  will  be  right-angled  if  one  cylinder  weighs  as  much 
as  the  other  two  together, 

3.  Describe  a  method  of  practically  demonstrating  to  children 
the  operations  performed  in  the  sum  usually  set  down  as  follows  : 

£.  s.     d. 

3)'5  ■  16-  a 

5)5-  5-4  and  2  over. 

■    I  ■  I  .  o  and  4  over. 

Explain  the  method  by  which  we  can  calculate  the  value  of  the 
remainder. 
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4.  Two  trains  are  travelling  in  opposite  directions  at  uniform 
speeds.  They  each  pass  a  telegraph  post  in  the  same  time,  and 
they  pass  each  other  in  five  seconds.  If  the  lengths  of  the  trains 
added  together  be  264  yards,  and  the  faster  train's  speed  exceed 
that  of  the  slower  by  25  %,  find  the  length  and  speed  of  each  train. 

5.  A  rectangular  board  measuring  6  decimetres  by  half  a  metre 
is  just  large  enough  to  display  izo  circular  medals,  all  of  the  same 
size,  arranged  edge  to  edge  in  12  rows. 

Find— 

(<j)  The  area  of  the  board  that  is  left  uncovered  by  the 
medals ; 

(6)  The  area  of  a  face  of  one  medal. 
[Take  ir=3-i4i6.] 

6.  Simplify  without  using  unnecessarily  lengthy  methods — 

(fl)(4'68)»+3Xf32x<4-68}'+3x(i-32)»X4-68+(i-32)'. 

(c)  2117x1883-1113x887. 
8.  Two  trains,  moving  at  the  rates  of  4S  and  47J  mites  an  hotuv 
pass  simultaneously  but  in  opposite  directions  through  a  station 
at  9  a.m.  Draw  a  graph  to  show  their  distance  apart  at  any  time 
up  to  noon.  Use  the  graph  to  find  their  distance  apart  at  ia48 
a.m.,  and  the  time  at  which  they  are  zoo  miles  apart. 


Colle^  of  Preceptors  {First  Class). 
Mensuration. 
1,   Write  down  the  tables  {a)  for  lineal  measure,  {l>)  for  super- 
ficial measure. 

3.  The  base  of  the  lai^est  of  the  Egyptian  Pyramids  is  a  square. 
A  side  of  this  square  is  693  feet.  What  extent  of  ground  in  acres, 
roods,  and  perches  is  covered  by  this  Pyramid? 
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S>  A  rectangular  court  is  tzo  feet  long  and  90  feet  broad,  and 
has  a  fiath  of  10  feet  round  it  Find  the  cost  of  covering  the  path 
with  flag-stones  at  4s.  6d  per  square  yard  and  turfing  the  court 
itself  at  9J-.  6d.  per  100  square  feet. 

4.  The  area  of  a  triangular  field  is  7  acres  3  roods  14  poles. 
The  length  of  its  hase  is  16J  chains.  Find  the  length  of  its  per- 
pendicular in  chains  from  the  vertex  to  the  base. 

5.  The  sides  of  a  triangular  field  measure;  AB,  1400;  BC, 
1760  ;  CA,  3000  links.     It  is  let  at  £2  per  acre.     Find  the  annual 

6.  The  cost  of  fencing  a  circular  piece  of  land  was  ^59. 1 11.  Sd. 
at  2S.  id.  per  yard.  Find  the  length  of  a  straight  path  running 
from  side  to  side  through  the  centre. 

7.  The  circumference  of  a  wheel  is  2  metres  7  centimetres. 
Find  the  number  of  revolutions  it  will  make  in  travelling  2  kilo-  " 
metres  33  decametres  91  decimetres. 

8.  The  diameter  of  a  circular  well  is  9  feet  4  inches,  and  the 
depth  of  the  well  is  30  feet  Find  the  cost  of  sinking  it  at  the 
rate  of  13J.  6rf.  per  cubic  yard. 

9.  Give  the  definition  of  a  prism,  also  of  a  prismoid,  with 
figures  ;  and  find  the  solidity  in  cubic  inches  of  a  prismoid  whose 
greater  end  is  t8  and  its  breadth  8  inches,  the  length  of  the  less, 
end  being  \2  and  its  breadth  6  inches,  the  perpendicular  height 
being  18  inches. 

10.  Work  done  in  digging,  etc.,  is  estimated  (English)  by  the 
number  of  pounds  weight  raised  I  foot,  or  (French)  by  the  number 
of  kilogrammes  raised  I  metre,  called  "  metre-kilogrammes." 
Express  a  m,et re-kilogramme  in  foot-pounds. 

[Given  I  metre  =3937  inches. 

1  kilogramme^  15430  grains. 
I  foot  =12  inches. 

I  pound  =7000  grains.] 
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11.   A  field  is  in  the  form  of  an  irregular  pentagon.    It  is 
requited  from  the  particulars  given  below— 
(ji)  To  draw  a  diagram  of  the  field  on  one  sheet  of  paper. 
(i)  To  draw  up  the  Field- Book  on  one  sheet. 
(c)  To  find  the  area  of  the  field  ABODE. 

A  horiionCal  line  AO  is  first  measured^35i  links. 
At  71  links  along  AD  from  A  a  perpendicular  measuring 
84  links  falls  to  B. 

At  205  links  along  AD  a  perpendicular  is  drawn  on  the 
opposite  side  of  the  horizontal  line,  measuring  129  hnks. 

At  305  links  along  AD  a  perpendicular  is  drawn  to  it, 
ending  in  C  on  the  same  side  as  the  first  perpendicular, 
measuring  84  links. 


Cambridge  Local  {Junior). 
Mensuration  and  Surveying. 

1.  A  building  is  in  the  form  of  a  cylinder  40  ft.  in  diameter  and 
25  ft.  high,  surmounted  by  a  hemispherical  dome  of  equal  diameter. 
Estimate  the  cost  of  painting  its  whole  external  surface,  at  10^ 
per  square  yard. 

2.  A  rectangular  cottage  measures  28  ft.  6  in.  by  24  h.  o  in. 
The  rain  which  falls  on  its  roof  is  icd  in  equal  shares  into  three 
equal  water-butts,  whose  depth  is  3  ft.  4  in.,  and  average  diameter 
2  ft.  6  in.  Find  how  many  inches  of  rainfall  will  fill  the 
butts. 

3.  Draw  on  the  scale  of  one  chain  to  the  inch  the  outline  of  an 
irregular  pond  about  half  an  acre  in  extent,  and  explain  briefiv 
how  you  would  make  a  chain  survey  to  determine  its  actual 
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4.    On  the  scale  of  two  chains  to  the  inch  draw  a  plan  of  the 
roughly  triangular  field  surveyed  according  to  the  following  field 

0C 
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Line  3.    C  to  A. 


Fig.  s.-Diignunorfidd. 
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6.  Find  the  area  of  the  properly 
whose  plan,  on  the  scale  of  4  chains 
to  I  inch,  is  here  K>ven. 


Fice. 


The  Ijmdon  Chamber  of  Commerce. 

1.  The  weight  of  a  rectangular  block  of  iron  is  865-432  grams, 
to  the  nearest  miliigram,  the  weight  of  each  cubic  centimetre  being 
7'734  grams,  also  true  to  the  nearest  milligram.  On  being  measured 
with  an  instrument  reading  to  the  nearest  hundredth  of  a  centi- 
metre, the  length  is  found  to  be  7>63  cm.,  and  the  breadth  5-48  cm. 
Find  the  thickness  of  the  slab,  as  aecuraiely  as  the  data  allows. 

2.  The  following  is  an  advertisement  taken  from  a  week^ 

"  Handsome  Cuckoo  Clock  offered  at  12s.  6rf.  post  free  for  liill 
cash  with  order,  or  post  free  on  receipt  of  $s.  and  your  promise  to 
pay  2S.  6d.  monthly  until  15^.  is  paid." 

If  money  be  reckoned  as  earning  simple  interest,  what  rale  per 
cent,  per  annum  of  interest  is  the  above  equivalent  to  ? 

3.  A  steam  engine  employed  in  pumping  water  from  a  coal 
mine  is  found  to  consume  an  amount  of  coal  proportional  to  the 
product  of  the  amount  in  gallons  of  water  pumped  up,  and  the 
depth  in  feet  from  which  the  water  is  raised.  If  1 12  lbs.  of  coal  is 
burnt  in  pumping  9600  gallons  of  water  from  a  depth  of  600  feet, 
how  much  coal  will  be  burnt  when  12,000  gallons  are  raised  from 
a  depth  of  750  feet  ? 
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4.  Prove  the  truth  of  the  following  rule  for  expressing  sums  of 
money  in  pounds  and  decimals  of  a  pound,  "  Count  each  shilling 
as  0-05  of  a  £,  express  the  pence  as  farthings,  increasing  the 
number  by  one  twenty-fourUi  of  itself,  regard  each  modified  farthinj,' 
as  0001  £."  What  would  be  the  corresponding  rule  for  converting 
decimalized  sums  into  £  s.  d.  within  a  faithing? 

(ii)  Express  ^35.  6j.  4jrf.  as  a  decimal  of  a  £. 

{b)  Express  £fi■%^l^  in  shillings  and  pence  within  a  farthing. 

(c)  Find  the  value  of  7856  articles  at  ^6.  2J.  81/.  each. 

5.  A  person  instructs  a  stockbroker  to  buy  3000  shares  at 
£p,  ITS.  6d.  per  share,  the  settlement  with  his  broker  is  deferred 
however  for  7  months,  at  the  end  of  which  time  the  price  of  the 
shares  having  risen  to  £,1.  2s.  91/.,  the  person  instructs  his  broker 
to  sell.  If  the  broker  charges  8  per  cent,  per  annum  for  the  money 
value  of  the  shares,  what  payment  is  due  to  or  from  the  broker? 
(brokerage  yi.  per  share  on  each  transaction). 

6.  Find  the  average  temperature  at  Barnstaple  for  the  twelve 
months  staled,  also  the  average  temperature  at  Oxford  during 
July,  1903  : 


Oxford. 

1903- 

July      -         -         -         . 

60.4' 

? 

August 

58-6° 

587° 

September  - 

56-7° 

se-s" 

October 

53-4'' 

52>2° 

November   - 

47-3° 

44'i° 

December    - 

41-4'' 

38-6= 

1904. 

January 

42-4° 

39-4° 

February      - 

39' 1° 

March 

43-3° 

April    -        -        .        - 

48-9° 

49-3° 

May     - 

52-3 

527 

June    .... 

57'4° 

57-2 

Average  for  12  months, 

? 

49>2° 

If  in  each  case  the  data  be  known  to  the  nearest  tenth  of  a  degree, 
state  the  maximum  possible  error  in  each  answer. 
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7.  Average  limestone  consists  of  112  parts  of  carbonate  of  lime, 
to  9  of  clay  and  29  of  sand.  Find  its  percentage  composition.  If 
on  burning,  56  per  cent,  of  the  carbonate  yields  lime,  what  quantity 
of  limestone  is  required  to  yield  I  ton  9  cwt.  of  lime  ? 

8.  An  iron  rod  is  known  to  weigh  17-346  lb.  per  foot  run. 
What  would  be  the  corresponding  figuies  in  grams  per  centimetre? 
State  clearly  the  assumptions  you  make. 

fl.  What  sum  of  money  must  be  invested  at  4  per  cent,  per 
annum  compound  interest  (interest  payable  yearly),  so  as  to  gain 
£y7.  $1.  6rf.  as  interest  in  three  years? 

Oxford  Local  (Senior). 

1,  Resolve  46:  into  prime  factors,  and  hence  find  all  the  factors 

of  462  which  are  greater  than  50. 

2.  Use  decimal  fractions  to  find  the  value  of 


-+- 


.2. 3.4. 5     1. 2-3-4. S-6 


3.  If  I  metre=3-2Bo9  feet,  find,  correct  to  the  nearest  foot,  the 
difference  between  i6r  kilometres  and  100  miles. 

4.  Find  how  many  cubical  blocks,  each  of  whose  edges  is  62-5 
centimetres  long,  could  be  made  out  of  75  cubic  metres  of  clay; 
and  find,  also,  to  the  nearest  cubic  centimetre,  how  many  cubic 
centimetres  of  clay  would  remain  over. 

5.  (i)  How  many  decimal  places  must  generally  be  retained 
in  working  a  sum  in  compound  interest  in  which  money  is  expressed 
as  the  decimal  of  a  £,  in  order  that  the  result  may  be  correct 
to  the  nearest  penny  ? 

(2)  Find  to  the  nearest  penny  the  compound  interest  on 
^4387.  \2S.  6rf.  for  3  years  at  4  per  cent,  per  annum. 

6.  A  slow  train  leaves  A  at  1.30  p.m.  and  reaches  B,  no  miles 
away,  at  7  p.m.,  while  an  express  leaving  B  at  4  p.m.  reaches  A 
at  6  p.m.  Assuming  that  each  train  travels  uniformly,  find  the 
time  at  which  the  trains  will  meet. 
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7.  A  tea-dealer  allows  10  per  cent,  discount  off  the  marked 
price  of  his  tea.  On  tea  marked  is.  8/i.  per  lb.  he  makes  a  profit 
of  12^  per  cent.  The  duty  on  tea  is  reduced  one  penny  per  lb., 
and  the  dealer  then  marks  his  tea  at  is.  id.  per  lb.  (discount 
being  allowed  at  the  same  rate  as  before).  Find  his  percentage 
of  profit  now. 


8.  A  chemist  has  two  bottles  containing  mixtures  of  nitric  acid 
and  water.  The  liquid  in  the  first  bottle  contains  25  per  cent. 
of  acid,  and  the  liquid  in  the  second  bottle  contains  37'S  per 
cent,  of  acid.  How  much  liquid  must  be  taken  from  each  bottle 
in  order  to  obtain  a  third  mixture  containing  ;  litres  of  acid  and 
9  litres  of  water? 

9.  Two  brothers  receive  equal  money  legacies.  One  of  them 
nvests  all  his  money  in  India  3J  %  Stock  at  loaj.  The  other 
nvests  part  of  his  money  in  2J  %  Consols  at  86J  and  the  rest  of 
t  in  Railway  4%  Preference  Stock  at  iiaj.     If  the  two  brothers 

receive  equal  incomes  fiom  their  investments,  find  the  ratio  of 
the  money  invested  in  Consols  to  the  money  invested  in  the  • 
Railway  Stock. 

Cambridge  Local  {Senior). 

1.  Find  the  cost  of  8  Ions  14  cwt.  3  qr.  12  lb.  at  ^3.  15^.  lod. 
per  ion. 

2.  Find  the  Greatest  Common  Measure  of  7S913  and  501866. 


4.  Find  to  the   nearest   foot  ihe  value  of  0-04  of  5745  miles  ; 
and  reduce  ^9.  i+r.  yi.  to  a  decimal  of  ro  guineas. 

5.  If  39  metres  7;  centimetres  of  cloih   cost  190  francs  40 
centimes,  what  is  the  cost  of  22  metres  5  centimetres  ? 

6.  A  square  field  has  an  area  of  5^  acres.     Find  to  the  nearest 
penny  the  coat  of  a  fence  round  it  at  jt.  9^.  per  yard. 
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7.  Find  to  the  nearest  penny  the  compound  interest  on  £1600 
for  3  years  at  3  per  cent,  per  annum. 

8.  A  grocer  mixes  60  lbs,  of  tea,  which  cost  is.  gd.  a  pmund, 
with  80  lbs.  of  tea,  which  cost  2,^.  41/.  a  pound,  and  sells  the 
mixtQie  at  2s.  -jd.  a  pound.  What  is  his  profit  per  cent,  on  his 
outlay  ? 

9.  Find  ihe  quarterly  income  derived  from  the  investment  of 
^4256  in  a  3I  per  cent,  stock  at  95. 

10.  The  railway  line  between  two  towns  A  and  B  is  55^  miles 
long.  The  4.42  p.m.  express  train  from  A  arrives  at  B  at  6.3  p.m.; 
and  the  4.30  p.m.  express  train  from  B  arrives  at  A  at  5.42  pm. 
Assuming  that  each  train  travels  at  a  uniform  rate,  find  the  time 
at  which  they  meet  one  another  and  the  distances  of  the  meeting 
place  from  the  two  towns. 
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British  Standards. 

The  yard  of  36  inches  is 
which  all  olher  imperial  in< 
or  solid,  are  oKeriained. 

The  pannd  is  the  unit  of  the  measure  of  weight  from  which  all 
other  imperial  weights,  01  measures  having  refereoce  to  weight,  are 
ascertained.  The  one  seven  thousandth  part  of  the  pound  is  a  Kmill. 
One  sixteenth  part  (4374  grains)  of  the  imperial  standard  pound  is  an 
ounce  aTolrdupols. 

The  ounoe  troy  consists  of  480  grains  and  is  now  the  only  legal  standard 
troy  weight. 

All  articles  sold  by  weight  must  be  sold  by  avoirdupois  weight  j  eiicept 
that— 

(l)  Gold  and  silver,  and  articles  made  thereof,  including  gold  and  silver 
thread,  lace  or  fringe,  also  platinum,  diamonds,  and  other  precious  metals 
or  stones,  may  be  sold  by  the  ounce  troy  01  by  any  decimal  parts  of  such 
ounce — and 

(i)  Drugs,  when  sold  by  retail,  may  be  sold  by  apothecaries'  weight. 

[The  "  apothecaries'  "  ounce  is  of  the  same  weight  as  the  troy  ounce  of 
480  imperial  grains.] 

The  unit  or  standard  measure  of  capacity  from  which  all  Other  measures 
of  capacity,  as  well  for  liquids  as  for  dry  goods,  are  derived,  is  the  EaUon 
conlaining  ten  imperial  standard  pounds  weight  of  distilled  water  (weighed 
in  air  against  brass  weights)  at  the  temperature  of  62°  Fahrenheit  and  with 
the  barometer  at  30  inches. 

Metric  Standards. 

The  third  Schedule  to  the  Weights  and  Measures  Act.  1878,  sets  forth 

the  equivalents  of  imperial  weights  and  measures  and  of  the  weights  and 

measures  therein  expressed  in  terms  of  the  metric  system,  and  Sect.  21  of 

the  Act  provides  that  a  contract  shall  not  be  invalid  if  weights  c 
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af  the  metric  system,  ot  decimal  subdivisions  of  imperial  weights  and 
measures,  are  used  in  it. 

The  unit  of  Length  is  the  IIetre  =  39-37o8...  inches. 
„      „       Surface     „     Are     =ioasq.  metres^  119-6033  sq.  yds. 
„      „       Capacity  „    Utre  =YinFucub.  metre=  176077  pints. 
„      „       Weight     „    Oram  =  15-4323487  grains. 
(A  gram   is  the  weight  of  a  cubic  centimetre  of  distilled  water  at 
4°  centigrade.) 

BRITISH   TABLES   OF  WEIGHT  AND   MEASURE. 
Linear  Mbasukb. 
13  inches  (in.)  =  l  fool  {(t). 
3  feet  =1  yard  (yd.). 

1760  yards  =t  n^le  (mi.). 

Gonter's  Chain  Measure  (Linear), 
100  links  or  4  poles=i  ctuln  =  23  yards, 
la  chains         —t  furlong. 
8  furlongs      =1  mile. 
Measures  Used  for  Special  Purposes. 
I  aeogTapUoal  mile  or  Nautical  mile- 1*15  ordinary  or  Statute  mile. 
I  League  -  3  miles, 

I  Fatlunn  =6  feet. 

1  Pace  (Military)        =2  feel  6  inches. 
1  Pace  (Geometrical)  =  5  feet. 
I  Ell  =  li  yards. 

I  Cubit  =i8  inches. 

I  Quarter  or  Span      —9  inches. 
1  Hand  =4  inches. 

I  Palm  =3  inches, 

r  Nail  =2JS  inches. 

12  Lines  =  72  points     =  I  inch. 
Square  Measure. 
13^  =  144  square  incites  (sq.  in.)=i  square  Toot  (sq.  ft.). 
3^=     9  square  feet  ^i  sqaaierard  (sq.  yd.). 

10,000  sq.  links    =  I  sq.  chain.        I  40  sq.  poles=  I  rood. 

10  sq.  chains=  1  acre.  4  iooi)s      =  1  acre. 

640  acres         =  I  sq.  mile.         \ 

10,000  sq.  links  =  4S4  sq.  yards=  16  sq.  jioles—  I  sq.  chain. 
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Cubic  Mbasurb. 
iz'=  1738  caUc  inches  (cub.  in.j^i  cnbic  foot  (cub.  ft.)- 
3^=     37  cubic  feet  =1  enblcyird  (cub.  yd.). 

Measures  of  Capacity. 


4  gills 

I  pint  (pt.). 

2  pints 

I  quart  (qt.). 

4  quarts 

ifalK,n(gal,). 

2  gallons 

^lpeck(pk.). 

4pecks(8gal.)  = 

:  I  bushel  (bus.). 

8  bushels 

,  I  quarter  (qt.). 

Measures  Usbd  for  Special  Purposes. 

4i  gallons  =1 

pin. 

9    gallons  =1 

firkin. 

36   gallons  =  1 

barrel. 

54   gallons  =  1 

hc^shead. 

1  hogshead  of  Ale 

=  54  gallons. 

I  hogshead  of  Clan 

M  =  46  gallons. 

1  hd^head  of  Port 

-57  gallons. 

Measure. 
60  minims  =  I  fluid  drachm  (f3). 

8  drachms  =  1  fluid  ounce  (f  5). 

20  ounces  =1  pint  (pi.)- 

8  piiHs(i6of3)=i  eallon  (gal.). 
Avoirdupois  Weight. 
(The  grain  has  the  same  weight  in  each  of  the  three  tables  below,  i 
the  seven -thousandth  part  of  the  Standard  Pound.) 

16  drams  (dr.)  =1  ounce(oi,). 

16  ounces  (7000  graiHB)  =1  pound  (lb.). 

14  pounds  =1  stone  (si.). 

28  pounds  (l  St  )  =1  quarter  (qr.), 

4  quiirters  ( 1 1 2  lbs. )  =1  hundredweight  (cwL). 

20  hundredweights  {2240  lbs.)=  I  ton  (t.). 

Troy  Weight. 
24  grains  (gt. )  =  I  pennyweight  (dwt.;. 

20  pennyweights  (480  grains)  -  1  ounce  (oz. ). 
12  ounces  (5760  grains)  =1  pound  (tb.). 


;dbv  Google 


A  MODERN  ARITHMETIC 

A POTHBC ARIES'   WBIGHT. 

30  grains  (gr.)  =l  scruple  (3). 

3  scruples  =  l  drachm  (3). 

S  drachms  (480  grains)—  1  ounce  (J). 
12  ounces  (5760  grainsj  - 1  pound  (lb.). 

METRIC  TABLES  OF  WEIGHT  AND  MEASURE. 

LlNEAK   MBASURB. 

10  millimetres  (mm,)=  I  centimetre  (cm.). 
lOcendmMres  =1  decimetre  (dm.). 


lodeclmeires            =1  metre  (m.). 

10  metres                    =  t  decametre. 

10  decametres            =  l  hectometre. 

10  beclomeires           =  t  kUometre  (km. ). 

Square  Mbasuke. 

10"= 

10"= 

100  square  centimetres  =  I  square  decimelre. 

10"= 

100  square  decimetres    =  1  tquare  metre 

=  ioeiitlare. 

IC>»= 

100  square  metres          =  i  square  decametre 

10^=  100  square  decametres   =  I  square  hectometre 

I0*~  100  square  hectometres  =  I  square  kilometre. 
The  terms  centUn,  are  and  hectare  are  used   principally  in 
with  land  measures. 

Cubic  MBAStrRB. 
10^— 1000  cubic  millimetres  =  I  onbie  oenUmelxe  (O.C.). 
Ic^=  1000  cuUc  centimetce3=  1  cubic  decimetre. 
10^=  1000  cubic  decimetres  =  i  cnUe  metze 

Measdres  of  Capacity. 
10  centilitres  =  I  decilitre. 
to  decilitres   =1  cubic  dedmelre  =  i  libv< 
10  litres  =  I  decalitre. 

10  decalitres  =1  hectolitre. 
10  hectolitres  =  t  kitolitre=l  cubic  metre. 


;dbv  Google 


TABLES  589 

Weight. 
10  miliigrams  =1  centigram. 
10  centigrams  =  I  decigram. 
10  decigrams   =  I  Enun  (gr. ). 
10  grams  =  1  decagrain. 

10  decagrams   =  I  hectogram. 
10  hectograms  =  t  kllosnm  (kilo.). 

e  of  water  at  Che  tempera- 


Summary  of  Metric  Mbasures 

■^ 

SiJd^''M<^re 

Laigth. 

Volume. 

Weigh.. 

100 

Millimetre 

Decimetre 

Hetie 

Decametre 

Hectometre 

Kilometre 

Millilitre 

Centilitre 

Decilitre 

Utreaooocc.) 

Decalitre 

Hectolitre 

Kilolitre 

Milligram 

DKi]^r 
Onun 

Decagram 
Hectc^iam 
Kili^ram 

APPROXIMATE    EQUIVALENTS   OF   IMPERIAL   WEIGHTS 
AND   MEASURES   IN  TERMS   OF   METRIC   UNITS. 

Imperial  to  Metric. 
Linear  Measurt: 

I  inch       - =254  centimetres. 

I  foot  ( 1 2  inches)      .....  =030 metre. 

1  yard  {3  [e«t} ^OSlt  metre. 

Square  Meamte: 

I  square  inch =6^45  sq.  centimetres. 

I  square  foot  ( 144  square  inches)        -        .  =929  sq.  centimetres. 

I  square  yard  (9  square  feet)      -        -        ■  =0836  sq.  metre. 
Cubic  Measure : 

I  cubic  inch      -.-...=  16387  cub.  ■ 

1  cubic  foot  {1728  cubic  inches)  -        ■  =oo!8  cub.  r 

I  tnbic  yard  (27  cubic  feet)        .        .         -  =0764  cub.  r 
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Measuns  of  Cafaeily : 

t  gill         -  -        •        -        -        -  =  l'42  decilitres. 

I  pint  <4  gills) =0568 litre. 

I  quart  (2  pints)        -        .        .        .        .  =M36  litres. 

1  KftUon  («  qnarta) =«-»««  lltMa. 

Apolhicaries'  Mtasurt: 

I  minim    -        ■         -         .      ■  .        -        .  ^CKijg  millilitre. 

1  fluid  scrapie =  1184  millilitres. 

1  flaid  drachm  (60  minims)        ■        -        -  =3-552  millilitres. 

I  fluid  ounce  (S  drachms)  -        -        -        -  =2841  centilities. 

I  pint =0568  litre. 

1  KRllon  (8  pints  or  160  flnld  onnow)       -  =4646  Utno. 

Avoirdufms   Weight : 

I  grain =0-065  gram, 

I  dram =177  grams. 

I  ounce  (16  drams) =28-35  grams. 

1  ponud  Oa  MUUM  or  TOW  graliis)  -        •  =0'W3e  kUosram. 

Troy  Wtigkt: 

1  grain =0-065  gram. 

I  pennywe^ht  {24  grains)  -        -        .        -  =  1-55  grams. 

I  troy  ounce  (jo  pennyweights)-        ■        ■  =  3 1  - 10  grams. 

Afothtiariei   Weight  -. 

I  grain =0-065  B>am. 

I  scrapie  (20  grains) =1-296  grams. 

I  drachm  (3  scruples)         -         ■         ■         .  =3-888  grams. 

1  ounce  (S  drachms)  -        ....  =3i-iogram$. 


APPROXIMATE  EQUIVALENTS  OF  METRIC  WEIGHTS  AND 
MEASURES   IN   TERMS   OF   IMPERIAL  UNITS. 

Metric  to  Imperial. 
Linear  Measure  \ 

I  millimetre  (mm.)  {o-ca\  m.)   -        -        -     =003937  inch. 

-  =0-3937  inch. 

-  =3-937  inches. 


I  decimetre  (O'l  ta.)  • 
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liiietr«(m.) =j  3-38  feet. 

I  I'M  yards. 

I  decametre  (lom.) =    10936  yariis. 

I  hectometre  (loom.)        -        .        ,        .     =    10936  yards, 
I  kilometre  (1000  xo.)        -...;=    □■62  mile. 

Square  Measure: 

I  square  cenliraetre =    0-155  square  inch. 

1  square  decimetre  (loo  square  centimetres)    =    15-50  square  inches. 

I  square  metre  (lOO  square  dedmetres)       -     =  /  '"'^^  '^""^  '^*'- 
11-19  square  yards. 

Cubic  Measure : 

I  cubic  centimetre =    006  cubic  inch. 

I  cubic  decimetre  (c.d.)  (1000  cubic  cenli- 

"^^^''^s) =    6102  cubic  inches. 

I  cubic  metre  (1000  cubic  decimetres)         .     =P5-3i  cubic  feet. 
U'3I  cubic  yards. 

Measure  of  Capaiiiy: 

I  centilitre  (o-oi  litre)        -        .        .        ,     =    0070  gill. 
r  decilitre  (0- 1  litre) =    0-176  pint. 

*  li*" =176  pmtB. 

^"^>'*--  Avoirdupoi. 

I  milligram  (o-ooierm.)  -  -  .  .  =  0-015  grain. 

I  centigram  (o-oi  grm-)  ■  -  -  -  =  0154  grain. 

I  decigram  (o-i  grm,)  .  .  .  .  =  1-543  grains. 

I  gramme  (l  gm.) =  ,5-432  grains. 

I  decagram  (10  gm-)  .  .  .  .  =  5-644  drams. 

I  hectogram  (100  gm.)  -  -  -  -  =  3-527  01, 

1  Mlognun  aOOO  Bm*.)     -       -       -       .    =  /'**  '**■  " 

US133-8  graiiu. 

Ttoy. 

I  gram  (I  gm.) _roo3J  oi.  troy. 

I.i5-43efains. 

fo-Z57  dract.m. 

igramdgm.)-  ■       ,        .       .    =|o  771  scruple. 

"- 15-4.5  grains. 
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MONEY 

TABLES. 

British. 

4  farthings  (id.] 
13  pence 
2  shillines 

1=1  penny  (i). 
=  1  shilling  (j.). 
=  1  florin. 

5  shillings 
»  shilHrgs 
21  shillings 

:;55"" 

Francr  and  Other  Countries. 

(centimes  -        -\  f  franc  (France,  Swiizerland,  Belgium. 

cenlimos  -        -  j  I  peseta  (Spain), 

leptas      -        -  /  Idrichmi  (Greece). 

I  franc,  lire,  peseta,  oi  drachma  has  a  value  of  about  gid. 


Gbrmanv. 

100  pfennigs  =  l  mark. 
3  marks    =  I  thaler. 

I  mark  has  a  value  of  about  is. 

United  States. 
lo  cents  =  I  dime, 

lo  dimes  (lOO  cents)  — I  dollar. 


MEASUREMENT  OF  TIME. 


6o  seconds  (sec.  or ' 

')  =  imlirat«(min.  or'). 

6o  minutes 

=  ili<rar(h.). 

24  hours 

=  Id(ff(d.). 

7  days 

=  IWMk(wk.). 

28  days  or  4  weeks 

=  iIiuiarinonUi{mon.). 

365  days 

=  1  ordinary  or  civil  year  (jr.). 

366  days 

=  I  leap  year. 
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SQUARE   ROOTS   AND  RECIPROCALS. 

Numbers  {n)  from  i  (o  too. 


" 

%^ 

i/« 

- 

^ 

I/- 

" 

•Ji. 

1/b 

1 

lOOOO 

IHDOOO 

86 

6-0000 

0.02778 

71 

8-4621 

0-01408 

s 

1.414a 

O'S 

37 

0.02703 

72 

84853 

0-013S9 

3 

17321 

0-33333 

38 

6.1644 

002632 

73 

85440 

001370 

4 

0-25 

39 

6-2450 

0-02564 

74 

86023 

001351 

6 

f^l 

40 

6-3246 

0-025 

76 

8-6603 

001333 

e 

IZ% 

0-16667 

41 

6-4031 

002439 

76 

8-7178 

001316 

0-14286 

48 

6.4807 

77 

8-7750 

001299 

2.8284 

0.125 

43 

6-5574 

78 

8-8318 

9 

3.0000 

44 

6-6332 

0-02^73 

79 

001266 

10 

31623 

01 

46 

6-7082 

80 

8-9443 

00125 

11 

3-3'66 

0-09091 

46 

6-7823 

0-02174 

81 

9-0000 

00  ]  235 

18 

34641 

0-08333 

47 

68557 

82 

9-0554 

IS 

3-6056 

007692 

48 

6.92S2 

83 

9-1104 

14 

37417 

007143 

49 

70000 

0-02041 

84 

9-1652 

001190 

16 

38730 

0-06667 

60 

70711 

002 

86 

9-2195 

001176 

16 

4'00oo 

0-0625 

61 

71414 

0-01961 

86 

92736 

001163 

17 

41231 

0-05882 

62 

7-2111 

001923 

87 

9-3274 

001149 

18 

42426 

0-05556 

S8 

7-2801 

00.887 

88 

9-3808 

001136 

19 

43589 

0-05263 

M 

r-3485 

0-01852 

89 

9.4340 

001124 

20 

4-4721 

0.05 

66 

74162 

o^iSiS 

00 

9.4868 

21 

4.5826 

0.04762 

66 

itu 

0.0.786 

91 

9-5394 

001099 

22 

O-04S4S 

0-04348 

67 

0-O17S4 

92 

9-59' 7 

o-oic«7 

23 

68 

7-6158 

0-01724 

98 

96437 

001075 

24 
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ANSWERS 


L     P.  4. 

3.    (a)  3o,  (i)  J3.       (t)  15.      W  10.     I')  '8,     (/I  6a.  ' 

3.  {a)  S6.  {i)  100,     M  loi,     (</)  HO,  (I)  111. 

4.  (a)  128,         (6)  182,     (0  108,     (rf)  iSo. 

6.  (a)  303,         (i)  330,     (f)  333. 

e.    (a)  2006,       (*)  6002,  (f)  6020,  (d)  6200. 

7.  (a)  8706.       {i)  8076,  i^)  876. 

8.  {a)   three,    (i)  eight,   (rj  eighteen,    (rf)   eighly-one,    («J  twenty-five, 

(/)  fifty-two,  ig)  five  hundred  and  twenty,  (*)  three  hundred, 
(/)  three  thousand,  (/)  three  thousand  and  five,  {k)  three  thousand 
and  fifty ;  (/)  three  thousand  five  hundred,  (m)  five  thousand  and 
three,  (»)  one  hundred  and  eighty-six,  (o)  one  hundred  and  sixty- 
eight,  {p)  eight  hundred  and  sixty-one,  (7)  eight  hundred  and 
sinteen,  (r)  seventy  one,  (i)  seven  hundred  and  one,  (/)  seven 
thousand  and  one, 

P.  8. 


Exercises  II 

i.  1914. 

2.    30S7 

3.    2748 

6.   463. 

7.    131. 

8.    417. 

10.   939. 

'   11.   681. 

12.    .453 

U,    1911. 

16.    5' 7 

IB.    1072 

Exercises  in. 

I.  Eighty.        2.   One  thousand.         8.   Sixty. 

5.  Seven  hundred.      8.    One.      7.   One  th 

9.  Twenty.         10.   Thirty.         II.    Thirty. 

13.  Seven  hundred.  14.   Three  hundred. 

1«.  One.  17.    Nought.  IS.    88m 

BO.  2282.  21.    5016.  22.    765. 

24.  1236.  26.    172.  26.    III. 


17,    1950. 
21.  28 14. 

7. 

y.             4. 

usand.       S, 

12. 

Eight  hundred 
Eight  hundred 
Two. 

IS. 

Ten. 

19. 

131 2. 

;dbv  Google 


A   MODERN   ARITHMETIC 


Exercises  IT. 

P.  7. 

1. 

6. 
U. 
16. 

1311. 
1311. 
2359- 

7529. 

S. 

7. 
IS. 
17. 

1276.          3.  405- 
1172.           8.   1721, 
9972-         IS-  3330- 
2710. 

Exercises  V. 

4    1719. 
9.    S03. 

14.     2121. 

P.  9. 

10. 

IB. 

660. 

12377- 
7632. 

1. 

450- 

2. 

411.            8.    149. 
Exercises  TL 

4-  417. 
P.  11. 

6. 

334- 

1. 
6. 

1310. 

4950- 

8. 
7. 

1655.          S.   1872. 
13154.         8.   3I7«- 

4.    1562. 
9.    5053. 

6. 
10. 

26S7. 
4684. 

Exercises  VIL  a.    P.  U. 

1. 

i")  9. 

(i)  16, 

W  22,  (rf)  27. 

i.  (fl)  9,  (i)  8,  (0 

10,  id) 

9.   7.         4.   9.        fi.    5.        9.    13  inches.        7.   4  yards.         8.    12  lbs. 

Exercises  TIL  b.  P.  is. 

1.  (a)   917,  (i)   9S6,  (')  >49.  W  I'H,   M   763.  (/)  6gz,   {g-)   II47. 

W   8508,  (0  2. 

2.  {a)   53,  (*)  16,  (c)  144.  (''}  M3,  (*)  7S,  (/}  688,  Ig)  534,  (A)  397, 

(0  1286,  0')  1693.  W  '0S7,  {')  714,  (^J  72,  («)  98.  {")  997. 

S.  4892,    4.  4221.    B.  go2.     a.  154.     7.  1978. 
S.  929.     9.    1999.    10.  1468.    11.  3834.    12.  1926. 

Exercises  TIL  c    P.  16. 
1.  24,  87,  4,  16,  4,  I,  I,  7,  13,  a,  280. 

9.    20,   150,  13,  I,  5,  7,  6.  3.   2,  24,  104,  40,  2,  172. 

4.  44,  6,  10,  10,  52,  94.  fl.  25,  140,  36,  13,  4,  2,  180. 

Exercises  Til.  d.  P-  17. 

1.  4.          S.   18.        3.  3.          4.  21.  5.   14.          e.   12. 

7.  7.            8.    13.          S.   6.          10.  14.  11.   7.            IS.    14. 
13.  6.         14.  8.         IS.   5.          16.  15. 

Exercises  Till.  c.    P.  21. 

1.    {0)2x14,  4x12,3x16.  6x8;  (i)  2x14.  7x4;  (05x7;  W)  9x10, 
3x30,2X45,6xi5,sxi8;(/)2X44,  4x22,  8X11!  (/)  4x8, 

2Xl6. 

8.  (i)  14,  (ii)  22,  (iii)  99,  (iv)  96.  (V)  96,  (vi)  91. 
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Exercises  JX.  a. 

P.  23. 

1. 

la)  12. 

(*)  9,       W  18,     iJ)  15, 

W  24. 

3. 

(«)96. 

(i)  72,     M  48,     (rf)  60, 

(r)  108. 

a. 

{<•)  24, 

(*)  30,     (0  42.     W)  iz. 

M48. 

i. 

Wrf, 

(i)  84,     (0  49,     W  63. 

8.  0.           6.   54- 

7. 

iSo. 

8.   iiao.                9.  («t  so,  (i)  100,  (0  150,  (rf)  200. 

10. 

{")  7S, 

(i)  125,    W  175- 

11. 

{a)  5°°< 

{*)  1000,  W  375.    (<0  6aS> 

M  875- 

12. 

(")  432. 

(*)  576.    (0  1728,  {^1  720, 

{/)864- 

IS. 

(")  472. 

(«*)  1180,  (<-)  1651,  (rf)  1888 

W  2124. 

14. 

(»>  1331 

(*)  3^3.    ('■)  7^,    ("l  605. 

16. 

W  III, 

(*)  222,    (0  333.    id)  148. 

16. 

(a)  112, 

(*)  224,    (<■)  84.               " 

(a)  560,  (*)  896,  (0  1008. 

IB. 

W3X8 

4x6,  2x12;   (i}2xi6,  4x 

8;  {c)  3"  IS.  5^9- 

Exercises  IX.  b. 

P.  24. 

1. 

405. 

3.  324.         a-  1380. 

4.    1224.            8.    13440. 

e. 

3836. 

7.   45760.         8.   266a 

9.   4183.          10.    1311. 

11. 

8091. 

la.   6144.         13.   7992. 

14.   231S0.         IS.    120015. 

16. 

483840a 

17.    241902.     18.   491337. 

19.    515080.      ».   330165. 

31. 

JOII60, 

33.   383358-     83.   229914. 

34.   242782.      26.    13040a 

26.    {«)  25740,  (i)  42250,  (f)  31916,  (rf)  56a  (e)  29000. 

87.    (a)  388,  (*)  227,  (f)  214,   (rf)  894.   («)   3S>o,   (/)  3079,   U-)  3561, 

W  176,  (0  S173.  0)  3708,  (t)  3048.  M  2181,  {«)  70.  {«)  I3S, 

(fl)  13.  (;i)  366,  (?)  715- 
28.    513616  lbs.         30.    104390  miles.         30.    11  ozs.        81.   24  inches. 

GzerdBes  IX.  c.    P.  26. 

I-    («)  9360,  {6)  936.  M  468000,   Id)  163800. 

3.    (a)  2679,  (6)  267900,  (1-)  267900a 

3.   (a)  4000,  (i)  35000,  (t)  40000a,  (rf)  6000,  («)  81000,  (/)  2eoa  . 

Exercises  X.    F-  27. 
1-   (a)  z,  4,  8,  16,  32,  64,  128,  256,  51Z,  1024  ; 

(*)  3.  9,  27,  81,  243,  729.  2187,  6561,  19683,  59049. 
3.    5,  25,  125,  625.  3"5. 

3.  (fl)   2',  2*,  2»,  2",  2"  ;    (i)   2',  2",  2",  2l",  2". 

4.  I,  4,  9,  16,  25,  36,  49,  64,  81,  100,  121,  144,  169,  196,  225,  zs6,  289, 

324,  361,  400. 
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».   {«)  3.  (*)  4,  (')  S,  W  6.  («)  7.  {/)  8.  (iT)  9.  (A)  lo,  (O  i  ■,  C/')  >*. 

6.  I.  8,  27,  64,  125,  216,  343,  512,  729,  1000,  1331.  ijiS. 

7.  {")  4,  9,  6,  S.  o.  I ;  (*)  8.  7-  4.  5.  *,  3.  *.  9.  o,  i. 

8.  Wa',  (^)i",M«*.('/)r'.W**■ 

Exerci8es  XL    P.  28. 

6.  (a)  225,  625,  1225,  2015,  3025;  {i)   289,  4S4,  10S9,  82S1,  6734; 

[c)   10404,  41209,  93025. 

7.  (a)  9,  (*)  16.  2S,  36,  49.  64,  81,  M  100. 

8.  169.  9.    {a)  i7>-iff';   ii)  iJ'-M'i    (0  i6»-I5». 
10.   5  rows  25  pennies.  11.    576. 

Exercises  ZIL  a.    F-  31. 
1.  6,  10,  18,  24.  8.  7,  13,  32,  8.  3.  9,  18,  14,  32. 

4.  15  boys,  4  apples.        5.   7.10,4,40. 

Exercises  ZIL  !>.    P.  31. 

1.   (a)  Quotient   791,    remainder   2;    (j)    quotient   475,   Temainder   o; 
(c)  quotient  339,  reitiaindei  2. 

5.  2001.  3.   149.  4.  250  feet    3  inches  over. 

6.  178  times.  8.  546.  7.  7. 

Exercises  XH  c.   P.  32. 


I.  I'')673.  iM) 

■  Si  <*)  538.  rem.  4;    {<:)  449,  rem.  0; 

(■^j  384, 

W336,    , 

6;  (/)  299,     „     3;  (^)  244,  rem.  10 

(•*)224, 

2.   (a)  2029,  r 

■m.    li  (*)  1893,  lero.  12;     (c)  177S. 

em.    7; 

W  1 578, 

.     3;  W  1352.    "    is;  (/)  "83, 

,.    15- 

3.    (a)  1.21, 

,      2;  (*)    945.    ..    29;     (0    864, 

..    29; 

id)    840, 

,    29;  M    756.    ..    *9;  (/)   687, 

..    41. 

4.   (a)      25, 

,        0;    W        23,      „      21;       (.)        22, 

..    47; 

W        20. 

.    25;   (0      18,    ,.    45;  (/)      17. 

.,    37- 

8.    (8)       38, 

■    48;  (*)      33.    ..     "!    W      *9. 

>.     0; 

m      26, 

,.      54!    W       25,     „     34;    (/)       24. 

„    96- 

«-    (a)      24, 

„    29;  (*)      22,    „    35:    M      >9. 

»   77; 

W     18, 

.,    29!  W      17.    „      5i  (/)      »S. 
Exercises  XH  d.    P.  33. 

„  119. 

I.   (fl)  II,  rem 

S  J  (i)  4.  rem.  14 ;  (c)  6,  rem.  4. 

2.   6  groups,  r. 

m.  7.         ».   WS.  rem.  ll;(*)3,  rem. 

14-       4 
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(a)    (i)2?10.«m.  li; 

(ii)  2451.  I 

era.    a; 

(iii)  383s. 

(iv)  3046. 

>.      4; 

(v)  1502, 

..     "6) 

(vi)    709, 

(vii)  3613. 

„     II. 

W    (i)  1113,  r 

m.  13; 

(ii)  1006,  r 

em.  39  ; 

(iii)  1575. 

(iv)  IIS  I, 

..      6; 

(V)    6.7. 

(vi)    29.. 

(vii)  1484, 

„      6. 

(tJ    (i)  So6,rem.  103: 

(ii)  458,  re 

m.    41; 

(iii)  717.  r 

(iv)  S69, 

75; 

(v)  280, 

,     133; 

(vi)  132. 

(vii)  675,    . 

85. 

id)    (i)  130,  rem.  20.  i 

(ii)  117,  rem.  449  i 

(iii)  184,  r 

(iv)  146, 

274; 

(V)    7a. 

.     I46i 

(vi)    34, 

(vii)  173.     . 

4.6. 

(i)    (i)  118.  re 

n.  391 ; 

(ii)  107.  re 

m.  200} 

(iii)  f68,  r 

(iv)  133, 

237  i 

(V)    65, 

.    437  i 

(vi)    3". 

(vii)  158. 

160. 

I/)    (i)  149.  te 

-n.  208; 

(ii)  135.  « 

m.    So; 

(iii)  an.  r 

(iv)  168, 

6; 

(V)      8!, 

,     368; 

(vi)    39. 

(vii)  199, 

127. 

(/)    (i)    85,  re 

m.  206; 

(ii)  77.  ren 

.    88; 

(iii)  120,  r 

(iv)    95. 

617  J 

(v)47,    , 

205; 

(vi)      23, 

(vii)  113. 

S07. 

ih)    (i)67,r«r 

-  S67; 

(ii)  61,  rer 

n-  133 ; 

(iii)  9S,  ™ 

(iv)  7S,     .. 

9"; 

(V)  37.     , 

448; 

(vi)  17. 

(vii)  90,     „ 

130. 

Ezerdaes  ZIL  £    P.  36. 

1..  (a)  4.  W  4,  i-^)  6.  2.    (a)  5.  (*)  4.  U)  4.  W  2. 

8.  (fl)  38,  {i)  quotient  25,  rem.  7,  {c)  866,  (rf)  1095,  M  28,  (/)  35. 

4.  5  or  o.  B.   zs,  50,  75-  «.   °<  °'  25.  5°,  75' 

7.  s>  S.  ".  7.  8,  8,  3,  I,  16.  e.  3150,  450,  3600,  1200,  8425. 
11-  92.  IS.  3S.  77,  188. 

Exerciaea  XIII.    P.  38. 

1.  2176,  51331,  6328;  1836,  3014.  8.   (3)  0,  1,  (A)  8,  I,  21,  (0  7. 

a.  59,  and  l8a  lbs.  over.  4.   62nd.  6.   i=6,  a=i. 

8.  IZ852  and  17856.  7.    Dividend  =  83618,  quotient=352. 
8.  28  and  62  inches  over.        9.  29.  10.  8. 
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Ezflrcises  XIV.   P.  41- 


1.  8.      &  7 (to nearest nnit).      8.  12.      4,  7811.      fi.   $s,2*ppms. 
6.   Between  63546  Mid  63545.  T.   (a)  199S0,   (*)  309a,  (<■)  8643. 

t.   46°.    ».   Apt.  16,  Sept  20.      10.   la)  i757o6,  (*)  S9'370.  (<)  "074. 

Ezerdjws  XT.   P.  45. 
I  45.  4.  (a)  36,  (*)  aS.  6.  (a)  3^  (i)  70,  <<■)  49.  (rf)  92,  (#)  78.  (/)  63. 


XVL    P.  46. 

1.   6338,  3071.     2.   85,  and  27  over.    8.   79712.  4.    123. 

8.  a8}+8.  e.    9359.  7.    JC3465.  1.    12288. 

9.  49.  10.   4616.  11.   4035330.      IS.    19664. 
18.   56,  jCaSorer.        14.  62a.  IS.   1512000.     16.  3019. 

IT.   One   huDdied   thousand    artd   two  hundred  millionB,   two  bundled 

thousands  one  hundred. 
18.    7256.  19.    iS.  20.   86zo.  89.    120SS6698962. 

23.    (a)  69801000,  (*)  64791000.  (0  7S4'6ooo,  id)  71326000. 

Import!.         ExpofU. 
i.    1S92         253076         243967 

1893  23969S    192628 

1894  265134    265713 

1895  261212    307787 

1896  27S799  247410 

1897  276901  295728 

1898  302223  285769 

1899  319848  346415 

1900  323818  242317 

1901  336118  266S41 

26.  {a)   224089,  (*)  35308,  W  21197.  W)   18198,  W  15563,  {/)   21410. 

27.  (a)  (1900)  1659586,  (1901)  1459091.  <190J)  1611979.  (*)  242154, 

<<-)  16701.  W  98092,  U)   9788. 

28.  (a)  ;fiiz25954,  {6)  ^254334.  W  jCia45"o,  W   ;^398ii9. 

i')  .^10489990.  (/)  JC5767056,  Ir)  jC9i8S720. 
S9,    (a)  ^19125355.  (*)  /«8i78835.  (c)  ^15016677. 
80.   (a)  ^^3741985  to  nearest  ^  (i)  ^£48173?  to  nearest  ^  (0  ^^4223721, 

Id)    ;^I9223S*- 


InilBrO. 

E.po«^ 

(892 

39326 

37200 

1893 

38383 

29685 

1894 

41923 

36933 

IB95 

44086 

41247 

1896 

46444 

34507 

1897 

53820 

3673' 

1898 

5352' 

44197 

1899 

55778 

49433 
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Bzerclses  XVIL  b.    P.  55. 

1.  (a)  3orf.,  m  Aoi.,  W  sorf.,  W)  6orf.,  (<)  72^:,  (/)  84^^,  (f)  96rf., 
(4)  lOSd.,  W  laofli,  t/J  I3Ji/.,  W  14*/.,  (/)  ISW.,  (m)  le&i, 
(n)  iSo/.,  {0)  ig2d..  If)  204</.,  (;)  3i6</.,  (r)  22&/.,  (i)  240if. 

S.    (a)  ^1.    5^..    (A)  jfl,     (<■)  /i.    ir.   &/.,     (rf)   £2.    i«.,     W   ^3. 

EzeidBeB  ZVIL  c    P-  ss. 

1.  (a)  895/.,  (*)  I902d.,     U)   11954^..  (rf)  141799^:.  W  168965^-. 

(/)  232i9i7rf-,  (i-)  168134&/.,  (4)  4085743^. 
8.  (a)  1920,  (*)  575,  M  S2Z7.  W  282143,  («)  "8531,  (/)  773fiS. 

(g)   733883.  (A)  412199. 
>■  (a)  1383,  (*)  234s,  (f)  23550.  W)  386723.  («)  16001,  (/)  77*74. 

(f )  243607.  W  47S00. 
4.  W  20,  {*)  30,  U)  45,  (rf)  91.  W  147.  (/)  ;f  141-  15^..  (f )  £774.  i&.. 

(A)  ^281.  181.  6d.,   (,■)  ;fi6S3.  4^.  6d. 
».  (rt)  iSJ.  g!'^..  {*)  jCS-  S*.  9irf-.  (-■)  £'3-  w.  oi^.,  (rf)  £tA.  i&.  «t. 

(<)  ^79-  7J.  9rf..  (/)  j^74.  iSi.  8rf.,  {^r)  ^9.  iSi.  3^., 

W  £336.  61.  od. 

Exercises  XVUl.  a.   P.  66. 

1.  la)  u,  lU.  ii)  jr.,  it)  11..  (rf)  4s.  3d.,  (*)  St.,  {/)  ^.  6d. 

8.  (a)  ifa.,  {*)  2W.,  (0  4J.  W-,  {>i)  i6s:  W  201.,  (/}  71. 

Exeicises  XVm.  b.    P.  £7. 

1.  /41s.  V-  ly-  *  .C3073-  12'.  lirf.         3.  ;£iK>3o.  2s.  lid. 

*■  j£78534.  161.  gid.  6.  /26861.  7j.  8rf.         6.  ^£18891.  71.  od. 

'.  ^£23352.  p.  6Jrf.  8.  ^4081.  4J.  o|rf.          9.  ;£37.  lu.  id. 

»■  ZS73-  loi.  3K  11-  £68.  161.  od.           18.  /106.  171.  i^d. 

1!.  jf38-  &-  "K  1*  )fr467-  "2i-  f-d;  18705. 

U.  ;£ii9.  01.  2d.  le.  ;f45S7.  141.  oi 

Exercises  XTX,  a.   P-  sf. 

1.  (o)  jjrf.,  (*)  9irf.,  (0  I*.  9lrf.,  {^)  y.  Sid.,  («)  fa.  9irf..  (/)  101.  oid. 

9.  {a)  11.  tid.,  (i)  11.  lid.,   (0  9r.  iK,   (-0  14^-  31''-.    («)  16/.  7K. 

(/)  201.  iK 
8.  (a)  K.  3^,  (*)  4J-  9^-.  M  7J.  3^:  Id)  121.  lid.,  («)  17^.  3al 

4.  (a)  4f.  &/.,  (j)  6f.  ftf.,  (4  71.  8<;. 

5.  (a)  Si-  A\d.,  V>)  8c.  2</.,  (c)  121.  4id.,  (d)  I&.  I0l<£ 
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Exerdses  XIX.  b.    P-  99. 


1.  {a)£%.  17.  lod..  {i)£S.  191.  SIo-..  W^i.  i3S.  7d.,  (d)  £1%  u.  11^ 
«-   (fl)  /i^o?-    iif-   9rf->     (*)  jC*427-    »&■   &^.     (■-)  £i^-    191.    2^, 

(rf)  /IOS28.  I/.  9^. 
».   (a)  ^12824.   lis.  aid.,    [i)  £9iS4-  Is.  lod.,    {c)  ^'1519.  191.  al^., 

id)  ;f6349o.  &.  grf. 

4.  {a)  ^2425-   iSr.  7i^-.   (*)  £68S^J.  lU.  6rf.,    M  ^21463.   i6s.  4IJI 

(a")  A71941.  zr-  8-^- 
6.   (fl)  ^99864.  191.  lojrf.,  (*)  ^^310313-  w-  ">id.,  (0  /66928.  ij.  loK, 

W  £i9il^S-  13'-  i<3d. 
6-  £S9-  m-  ltd.    T.   77.  8.  £sA.  ij'-  T-t  »■  £4-  ^s.  od.  gain. 

10.   6517,  II.    i8j.  arf.    12.    24.  IS.    £i(A.  +1.  9^'. 

14.   The  first  is  better  by  ^139.  tos.  iiif.      19.  41.  7^.  in  favour  of  payee. 

Exercises  XX.  a.    P.  62. 

1.  31.  9lrf.,  41.  9ji,   y.  8i^.,  8j.  2rf.,  91.  oirf.,  311.  8rf.,  361.  grf., 
471.  3^-.  £5-  ^-  SJrf. 

5.  21.  td.,  y.  id.,  y.  lod.,  6s.  ^d.,  los.  ^d.,   191.  ^d.,  31/.  toa.,  651., 

76J.  id.,  I09r. 

3.  21.  3</.,  31.  6d.,  41,  9rf.,  y.  6d.,  81.  3./.,  gj.  90'.,  131.  yi.,  a-js.  6d., 

£i\.  i8j.  od.,  £i2.  4f.  9^. 

4.  21.  iij^.,  91.  ajii,  loi.  oiif.,  iij.  4lrf.,  i6j.  6id.,  32/.  2ji/.,  291.  y,, 

44^.  sd.,  sii.  SK.  "41-  icrf.  129J.  8Ji^. 
B.  27^.  6d.,  3IJ.  9^.,  51J.  7)1/.,  5&1.,  591.  gd.,  861.  7J<£,   iiu,  gd., 
lay.,  1451.  6ff.,  iS4r.  6d.,  sjjs. 

EzerciseB  XX.  b.   P-  6a 

1.  ;£440.  19J-  3d;  £S^1-  19^-  oo'-.  ^734-  iSj.  9^-,  .^i.  iSf.  W. 

2.  ,^2506.  fa.  ejrf.,  £iZ22.  &.  sii,  ^3938.  loi.  3|rf.,  ^t790.  4J.  8i(£ 
a-   .£797-  ?i-  8rf-,  .£647-  ■71-  SS-^.  £9a6-  "?!■  It*''.  ;C697-  14^.  3\d. 
*•  jC>43a7-  i7.r-o^-.  £9lli.i9.s.od.,  £11939-  i7t-6d.,  /i353'-  I7»- ad^ 

6.  ,f9aBi.  II.  iji,  ;C8437-  ^-  Sid.,  ^£-12655.  igr.  BJ^.,  ^£16030.  i&r.  3l«: 
e.  ;£i46295-  i!-od;  £2'9*^-  US. 6d.,  £292590. 2s.od.,  £j657i7-  ini.ed. 
'■    jf'39S«-  5^-  W.,   ^£15501.  8r.  4rf.,  ^£16276.  »(.  9^.,  ;!:348oa.  51.  ^d., 

£nsso.  19T.  34^. 
8-  ;£525«>- 131.  Off.,  .£65625.  ly.  od.,  £TXoa.  ifa.  od.,  ;C>87ii.  $».  3|dt 
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ft  ;fi8n28.   13*.  3U-    ^£466869.  lis.   iiK,    ^378995- 

/597186.  lu,  9iJ. 
10.   ^585240.    191.    W.,      j£40i244.    ly-    H'i-.     ;f538687.    141.    3i<^., 


Exercises  ZX.  c    P-  ( 


1. 

;f  36-  19'.  Od. 

2. 

£5.  i«.  w. 

3. 

jfll48.  191.  Ilrf. 

4. 

^£384.  1&.  Ilrf. 

S. 

^.12.  13^.  iK 

e. 

;fn47.  ly.  i¥- 

7. 

£265-  y.  3rf. 

8. 

^174.  3^.  od. 

9. 

£n-  5*-  7irf. 

10. 

;i:473-  ^t-  3^. 

11. 

£i<^ 

12. 

^9036.  lu.yi. 

13. 

;£ioS7o.  &.  9.i 

14. 

£1.  10..  St 

15. 

;f  28427.  ic«.  &1 

16. 

^1141.  191.  otf. 

17. 

£il.f>s.id. 

IB. 

;£22.    IZi.  Sd. 

19. 

2306-  15J-  ""* 

SO. 

£n- «.  w. 

Exercises  ZXI.  a.    P.  67. 

1.  IS.  2d.,  Sd.,  7d.,  3id. ;  11.  8d.,  11.  4a'.,  lod.,  Sd.,  ad. 

2.  lod.,  31/.;  II.  91/.,  II.  3^,  51/. 

3.  31.  lid.,  is.  6d.,  2s.  id.,  IS.  6irf.,  lod.;  41.  yd.,  3s.  Sd.,  is.  & 

4.  91.  Sd.,  6s.  o^.,  3s.  did. ;  131.  Sid.,  9r.  lid.,  6s.  id. 

8.    £3-  6j.  toirf.,  £z.  13T.  6d.,  £1.  4j.  7rf.,  ^^i.  i&.  3,\d  and  1. 
j^-i.  131.  ■ikd,  £1.  91.  Sirf.  and  iK  over,  ;£i.  w.  3^. 

6.  8,  10,  28,  38,  70. 

7.  4  and  ^.  over,  7  and  4</.  over,  9,  12  and  4^.  over,  15  and  dd.  a 

8.  £3.  iSi.  11^.,  ^^2.  161.  4^.  and  i^d.  ova,  £2.  y.  \od.  and  i, 

£1.  ly.  lojn".  and  zjrf,  over, 
8.   ;f 36-  Jt-  'K.  aJid  If/-  over,  ^^27.  3i.  $■£,  jf2i.  131.  ii<i  and  2. 
j£l8.  IJ.  7J./.  and  id.  over. 


Exercises  XXL  b.    P-  67. 

1.   £a3.  is.  2irf..^38.  iCM.  lorf.,  .^33.  <w- »!«'.  an<l  "K  over,^28.  181.  ly. 
3.    ^£229.151. 3li/.  aDd4rf.  over,^i63. 71. 9(£andii(/.  over,;£i4i.  71.  loj^. 

and  id.  over,  jf  131.  51.  loirf.  and  &/.  over. 
>■   .£3*3-  3»-  'oi''-  and  ".  SJ''.  o'er,  ^306,  8j.  loirf.  and  is.  Sd.  over, 

;f28o.  31.  6i</.  and  iv.  gjif.  over,  ^£262.  131.  41/.  and  4^.  over. 
*■   £3^-  V-  oid.  and  id.  over.     6.   ^83.  14s.  jid.    8.   ^^209.  ijj.  Hd. 
7.  ;!;437.  i&.  ^i-*  •■  if  790.  w.  9K  8.   ^8063.  iS*.  O^d. 
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^-  ji^S^S-  iJf-  W.,  nndivided  51.  6d. 

II-  ^£^59'  14^-  9i^->  remainder  11.  5^.        12.   69  times.         IS.   8  yeais. 

14  Man,  £1.  II.  4rf.:  boy.  £\.  lar.  Si      IB.   91.  7K  16.   78. 

IT.  34  sums  and  161.  Sd.  cemaining.     18.    108  children,  p.  <)d.  remaining. 

19.  335  coins.  90.   3054  rupees.  81.    58  of  each. 

as.  [a)t,¥-'i^'  W&s.^.,  II.  IlK,3K;  (<:)l6s.  &i.,3s.  lojo^,  6|o'.: 
W)  ^4-  y-  i<i;  "91-  2i<i;  ^.  <3d-.  {')  £&■  6s.  id.,  £1.  18.  Sid, 

9.  sJrf-;  (/)  j£4>-  >3*.  4^-.  ^9-  iw.  31'':.  £i-  7J-  4iK: 
<J-)  j£83.  6f.  id.,  £19.  4J.  7K.  .^2-  I4J-  9irf- 


ExetcisflB  ZXn.    F.  69. 

1.  ;£i6.  III.  fijrf.  2.  £1.  141.  6rf.  t  xjo. 

4.  ;£i49.  loj.  4i£  6.   ^*9.  81.  6rf.  6.   840  lb. 

7.  ^27.  w.  9^.  8.  ;£37.  71.  3flr.  9.  £6.  51.  od: 

10.  ;£i09.4i.(v£  11.   9+48or57.  13.   jC7S-  "'-3^ 

13.  ^201.  41.  6rf.  14.    1156  yd.  16.  ^1.  181.  9flL 

16.  1 504S  dollars.  IT.    13441b.  18.   2s.6d.ayi. 

Ifl.  1st  method  by  £1.  131.  gd.  SO.   £1.  eu.  lorf.  gain. 

21.  ^3.  141.  91/.  22,    Imports,  ^^il.  131.  ijif.;  exports,  £6.  A^.  M 

23.  j£io.  161.  3<£  84.   ;if73o.  161.  od.  26.   ;£962. 

26.  ;!:68.  6s.  5rf.,  ^94.  i3i-  7<^,  £&7- 

87.  ;£'243.  71.  iliC.  collected  and  ^£257.  its.  td.  short. 

38.  £1.  21.  6<£  29.   3irf.  80.   ^2.  6r.  lorf. 

31.  £i.  71.  iia-.  83.  £3.  y.  ^.  33.  £1,  11.  od. 

*4.  ^£65.  71.  6d.  or  523  half^irowns.  3S.    10. 

36.  66  payments,  ^f  62.  71.  6d.  left  over. 

87.  II  payments,  ;£43.  131.  91/.  left.  SB.    3008  moi. 

39-  M,  £711.  lis.  3d.  40.   £3.is.9J. 

41.  i;6.  61.  6d.  each.  jC'-  iw.  oi  left. 

43.  j<;io8.  41.  3id.         48.  £a.  71.  31^  44.   516. 

EzerdseB  Trmt.  a.    P.  76. 

1.  (a)  I  ft.  410.,  (j)zft.  2  in.,  (^)  3  ft.,  {d)  4  ft.  Z  in.,  («)8ft.  4i>>^ 
(/)  16  ft.  8  in. 

5.  (fl)  29,  (i)  63,  (()  360,  (rf)  3",  {')  3600,  (/)  364- 
S.  (o)  5280,  <i)  660,  ('')  1320,  {d)  7920,  (e)  660. 
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1.  63360. 

4.  2ioyd.  2  ft. 

7.  96  yd.  3  ft.  4  in* 

10.  s  m.  867  yd.  I  ft 


13. 


ift.6ir 


EzeTcises  XXXII.  c    P.  77. 

3,  528a  3.  30. 

5.  7  m.  271  yd.  I  ft.  Sin.     6.  1500. 

8.  8 m.  1593yd.  I  ft.   9.  266rd.3ft. 

11.  z6i  ft.  IS.  25416. 

14.  41  yd.  I  ft.  o  ID.    IS.  II  m.  440  yd. 


EzerciBes  XXIV.   F.  8 


4:   295-    . 

6.    los  yd.  I  ft.  8  in.           6.   678  yd.  8  In. 

T.   9  yd  0  ft.  7  in 

8.   252  yd.  2  ft.  9  in.           8.    107  yd.  i  ft 

10.   s  m.  n6i  yd. 

I  fi.     11.   3  m.  1608  yd. 

12.   (a)  366  ft.  0  in 

i  (i)  304  ft.  10  in. ;  W  198  ft. ;  (rfj  80  ft.  i  in. ; 

(.)    6  ft.  0  in. 

3  ft.  0  in.,     I  ft.    oin.,     3  ft.  0 in.,     oft.  6i 

17  ft.  6  in. 

6  ft  0  in.,      I  ft.    oin.,    23  ft  i  in.,    19  ft.  9  i 

73  ft.  0  in. 

49  ft,  9  in.,     0  ft.  10  in.,     7  ft.  0  in.,   40  ft.  0  ii 

(/I  35  ft- 0  in. 

218  ft.  6  in.,    10  ft.    6  in.,    40  ft.  oin.,      aft.  oi 

I  ft.  3  in. 

3f(.oin.,    lOft.  iiin.,      7ft.7in.,      i  ft.  6  i 

17  ft.  0  in. 

71ft.  2  in.,    12  ft.    6  In.,    49  ft.  "in.,    8  ft.  oi 

II  ft.  6  in. 

I  ft.  oin.,    37  ft.    oin..    63  ft.  4  in. 

(A)     1.    60  mm. 

2. 

600m 

6.  6600  mm. 

fl. 

6660 

».   303. 

10. 

52- 

18.   1 120. 

14 

6020. 

17.  43K.- 

18. 

6006. 

21.   8032. 

S3. 

9091. 

as.  16803. 

38. 

5302. 

(B)     1.    7  cm.  6 

mm. 

a. 

t   8  m.  2  dm.  6  cm. 

s. 

7.   23  m.  4  dm 

s. 

10.   9  m.  I  cm. 

mm 

13.   8  m.  7  dm.  6  cm. 

14.   9  dm.  6  cm. 

zmn 

Exercises  XXVI.  b.    P.  86, 

3.  6000  mm. 

7.  7300. 

11.  1800a 

IS.  6001. 

13.  7080. 


4  606011 
8.   7003- 


27.  9027. 
i  cm.  8.    7  dm.  6  mm. 

i  em.  6.  5  m.  3  dm.  9  m 

dm.  2  mm.      0.   9  dm.  t  cm.  2  t 

11.  8  m.  7  dm.  i  cm.  6  mm. 

13.  S  m.  7  dm. 

16.  83  m.  4  dm.  s  cm. 
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IB.   7"! 


I.  3  dm.  4  CI 

I.  7  dm.  6  CI 
(c)     1.   4  dm.        3. 


6.   jc, 
U.  8™ 


18.    3  dm.         IS.   70  m. 


17. 

8  ra.  4  cm.  6  mm. 

19. 

9  m.  2  dm.  6  cm. 

m. 

4.    I  decaraelre. 

B. 

2d 

8.   7  cm. 

10. 

30 

14.    6  dm. 

16. 

70 

19.    idm. 

SO. 

70 

Exercises  XXVn.    P.  87. 


4. 

° 

° 

0 

° 

S 

3 

0 

0 

a. 
6. 

M 

S 

7. 

44 

0 

0 

0 

8 

44 

0 

0 

8. 

4 

4 

10. 

*3 

2 

0 

0 

11 

1 

7 

0 

0 

IS. 

34 

5 

18. 

131 

3 

0 

0 

14 

0 

0 

0 

16. 

I 

le. 

0 

1 

17 

0 

0 

3 

z 

18. 

0 

3 

3 

19. 

0 

2 

3 

0 

30 

0 

2 

3 

21. 

0 

2 

3 

». 

10 

6 

2 

23 

I 

0 

6 

7 

24. 

2 

4 

26. 

5 

7 

4 

0 

» 

8 

8 

8 

4 

2T. 

0 

7 

0 

Exercises  XXVUL    P.  89. 

2.   (a)  4.16  dm.,  (*)  41.6  cm.,  (c)  416  n 


:  (o)  70-25  dm.,  (6)  7025011.,  {<■)  7025 

.  0296  m.  a.    13236  m. 

.  (at  847.5  dm.,  (*)  8475  cm..  (r)  84750  mm 

I.  7.1.  10.   07.  11.    317.  IS 

:.     3.202.  16.     4OD3. 

20.    3-6. 


24.  602a  26.  602. 
29.  3<oz4.  30.  126c 
34,    3000.         S6.   4. 


16.    37.03. 

31.    412. 

26.   6124. 


37. 


8.   718. 
3.02. 
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Exerdses  XXI3C.    F- 1 


»■    38- 

8.     51  ■ 


SI.  o  .  9  . 
84.  6  .  s  . 
SS.  41-161,  36.  38-55tons.         ST.  73-62ft.         38.  911ft. 

39.  3S-17  gallons. 

40.  (i)  22.4Z4,     (")  506-309,     <'ii)  430o8,     (iv)  191-851,     (v)  367-537, 

(vi)  191749,  (vii)  522-879.  (viiij  5.21.  (ix)  70-182,  (x)  47261, 
(xi)  i8s-78>  (xii)  9991.  ("iii)  'S-^S.  (ri»)  100-84,  (>")  ^iSj, 
(xvi)  151-717,  (Kvii)  94-075.  (*"»)  189-27,  {xix)  108-723. 


Exercises  ZXZ.    P.  96. 


1.  65  m.  8  dm.  7  cm.  2  mm. 

2.  0}  52  .  o  .  2  -  4  (ii)  no 
(iv)  86  .  3  .  8  .  3  (V)  I 
(vii)  96  .  2  .  6  .  4    (viii)    69 

(x)  47  .   1.0.0      (xi)    33 

3.  6  mi,  3  dm.  o  cm.  6  mm. 


(X)    4- 
(liii)    4. 


■  9 

cm. 

5      ( 

i)    90 

■  5 

0 

4      ( 

ri)    26 

.  0 

0 

0      ( 

X)    73 

•  5 

^ 

0     (X 

i)  121 

dm. 

cm 

nun. 

m. 

•  5 

9 

S       ( 

i)      0 

.  S 

2 

0       ( 

i)        2 

.  I 

■  7 

■  4 

8 

5 

9     ( 
0     < 
5     (> 

X)       0 
di)      7 
V)      0 
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6-    I'SSft-,  l6-40ft. 

«.     (i)  <»)  26-883,  W  44-80S,  (0  62  727.  (rf)  80-649 ; 
(ii)  (a)  0-125,  (i)  O-aso,  (<■)  0-375,  (^)  0-5  j 
(iii)  (a)  gSiiJ,  W  I26I44.  (0  mi28; 
(iv)  {a)  ia-648,  (4)  9.4K,  W  22  134,  (■/)  28458. 
T.     (!)  (a)  3-8.  (*)  1-9.  (0  0-9S  J    ('»  (")  o^w?.  (*)  0*069 ; 

(ui)  (a)  4-543.  W  •■947;     (")  W  I24'875,  (*)  2o8-i25,  (f)  69375; 
(V)  (a)  0-5,  (*t  o-as,  (0  o-izs ;    (vi)  (a)  0-75.  (*)  0-375  i 
(vii)  (a)  102-816,  ii)  137-088,  W  34-272; 
(viii)  (a)  ooooS,  (A)  0-0006,  <;)  OKXX>4,  (>/)  00003,  (")  OOO02  ; 
(U)  (a)  ©■20594,  (4)  0-IO297 ;  (x)  (a)  18-0012,  (*)  9W06,  [e)  4-5003. 
(li)  (a)  1.44,  (*)  0-6,  (0  0-9,  (rf)  0-8. 
«.   (a)  ;fo-7878,  (*)  3054  lb.,  (^)  28-4691  ft. 
B.   ;fi.776.  10.   9-98  lb. 

Exercises  XXXI.  a.    P.  99. 

1.  (a)  4000,  40, 400  i  (*)  9000, 9, 0-9, 150, 18 ;  U)  100,  so,  5,  3,  3000, 

300  ;  {d)  40,  4,  4000,  56,  720 ;  M  0-5,  5-0,  15-0,  CH1005  J  (/)  3-72, 
0.0372,  (ynx ;  {g)  o-<^,  1.44,  144.  0-144. 

2.  1-384  m.  3.   5-82401.  4.    151-36  m.,  227-04  m. 

Exercises  XXXI.  b.    P.  101. 
1.   694-375  lb.  2.    10  lb.  •-   6418751b. 

4.  482-5  lb.  B.  ^355-25.  «.  242-5*  ton. 

7.   3223.68111.  a.   693  franca.  ».     £i74Ss6S- 

10.   21-33859  lb.  11.   113-03859  grains. 

IS.   (a)  83-375  francs,  (»)  338855  fnuics.  13.   40-5S6 lb. 

14.   o-4i92c.ft.  IS.   0-ii6t6c.ft.  IS.   672  c  ft. 

17.  (B)  16  ft.  485  in.,  (*)  9  ft  1(^8974  in-  W  10  ft.  5-984  in.,  (4)  9  »■ 
10-18874  in.,  («)  118  ft.  1-43811  in.,  (/)  2  ft.  6.834584  in.. 
ig)  3  ft.  0-149534  in.,  (*)  3  f*-  4-011731  in.,  (rt  7  ft  9-7006111., 
0'}l&657459in.,(4)ift.  11-16924510.,  (/)  3-984244  in. 

Exercises  XXXI.  c.    P.  102. 

1.   (a)  5539-38-  (*)  553-938- 

a.  (a)  6-788396,  (i)  67883-96,  (f)  67-88396,  id)  2518.8522,  W  2S'-885^ 
(/)  283147-57,  (f)  28314757. 
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».  (a)  819434.  (*)  8I-9434,  (0  819434.  W  S5"65.  («)  SS'-6S- 

*.  (a)  378o7'5>  (*}  378-075.  (0  3-78075,  (d)  1397-3652,  (*)  139-7365* 

6.  (a)  41499,  (*)  414-99,  {c)  4149-9,  (rf)  78300,  (*)  7830,  {/)  O-7S3. 

6.  (a)  8720,  (*)  872,  M  0-872,  W)  1177*0,  {')  "77-J.  t/)  n??*- 

7.  (a)  19109-275,  (i)  19109275,  M  191-09275,  (rf)  1-9109275, 

(^)  161S-66S,  (/)  16-1S66S. 

«.  (a)  5824-7424,  (*)  592-704.  (■■)  0-61412S.  W  S-3S9375- 

».  (a)  254-7216,  (d)  6-0025,  ('^)  0-0027648. 

10,  (a)  104-04,  (J)   1092-727,  {(^)  10100-25,   W  2^100-01. 

11.  (a)  803174-44.  W  65-69202,  W  893-62, 
12-  (")  999998-56.  (*)  9999-9375.  Ui  6399-99. 


Exercises  XZXI.  d. 

3.  500,     4,  oaxK 


0-000004.  8.   64a 


Exercises  XXXI.  e.   P.  MM. 

6.    (*)  (ij  0-25,  (lit  040,  (iiij  o-ji.  (iv)  0-76,  (v)  0-91. 
(t)  (i)  0-39.  (ii)  0-7'.  (iii)  0-36,  (iv)  0-59.  (v)  0-83. 
ft   (a)  0-8,  (*)  2-43,  ic)  0-13,  W  0-27,  (')  i-afi. 


Exercises  XXXn.  a.    P.  109. 

1.  (a)  10,  (*)  0-8,  M  5.  (rf)  O'*-    2-   («)  3-*.  <*)  0-3^  (■■)  20.  (rf)  axx 

a.  (a)  3.  (*)  40.  (')  04.  W  80,  (s)  0-08,  (/)  0-6. 

4.  (a)  40,  (i)  4.  (f)  0.4.  (</)  400,  (^)  2000,  {/)  0-3. 

6.  (a)  7'S,  (*)  0-75.  (f)  0-4,  (rff  6,  (^)  60,  (/)  50,  (f )  <Ki5. 

,  (a)  6,  (i)  0-6,  U)  0.8,  (rf)  4.  (<)  400,  (/)  2C^  (f )  a,  (A)  0-2. 

,  (a)  16,  {*)  10,  (f)  8,  (rf)  0-6,  W  6,  {/)  0-3. 

,  (a)  3,  (*)  o-i,  u)  8,  (rf)  10,  w  9.  (/)  30,  (g)  0-2,  m  2. 

1-6,  (*)  o-i,  (£t  0-08,  (rf)  0-8,  W  0-02,  (/)  2,  {^)  0-4.    , 
,    (a)  0-8,  {*)  12,  M  60,  (rf)  3,  W  0-2,  (/)  002,  (^)  16,  (*)  I6a 
20,  {i)  200,   (0  16.   ■  18,    (a)  6-25,  (*)  9,  (0  20. 

18.   (a)  8,  (*)  4.  M  16,  (rf)  32.  14-   {")  OS,  (*)  15.  (0  25- 
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A  MODERN   ARITHMETIC 


Exerdses  Tg^fll   b.    P.  110. 
1.    776.  8.   26-9230.  in.  3.    10936  and  0^144. 

4.    163-48.  5.   43  and  1-506  pints.       6.   9  rods  and  5-67  in.  ovei. 

2  m.  and  S-j6  in.  over.        8.    2-34  approx.       fl.    13.        10.   8. 

.   (a)  47,  {b)  47,  {<)  0-0047,  W  0-00047.  W  47o- 

(fl)  9-3.  (*)  9-3.  (')  O-093.  (■')  0000093,  {')   930000. 
.  (a)   840,  {b)   0-84,  (<-)  840,  (</)  0030084,  («)  oS4. 

14.  (a)  623,  {6)   0-000623,  (-^l  0-00623,  {d)   623,  (E)  0-0623. 

15.  (a)  735-6,  (i)  7356,  W  73560000,  (if)  0-000007356,  {i)  0-00007356. 
,   (fl)  95,  (i)  oojS,  (i)  0-095.  ('')  9-5.  (')  o<«3095- 

(a)  795'06,  (i)  7950-6,  (c)  0-000079506,  (rf)  0-79506. 

(fl)  o<MOo75,  {6)  0-040075,  (t)  0-40075,  {d)  4007-s,  (<)  40075- 

:)  80-963,    (b)   O-0S0963,    (f)   8.0963,   {d)   80963,    (()  80963- 
:)   4-8596,    [b)   0-048596,    (f)   4-8596,    (rf)   0048596,    (")  48596. 

,    (fl)  0056,  (*)  5600,  (f)  0056,  {d)  560. 

.    (a)  7085,   (*)  0-07085,  (0  0-007085,   (d)  7085000. 

W  7538,  (*)  0-07538,  U)  75-38,  (rf)  7538.  (')  75380. 

S4.    (a)  3854-06,  (-*)  0-385406.  [f)  385406,  (./)  0-0385406,  (e)  3854-06. 

as.   (a)  0-0973,  (*t  973,  (0  973.  ifi)  973.  (')  973- 


Exercises  ZZXIIL    P.  ii4. 

1.  0-28775.      2.  0-479.      8-  0-95T.       4.  0-533. 

5.  0-412875.     6.  0-8715.     T.  040075.     8.  0-847. 

8.  26  fur.  o  ch.  80  Iks.  10.  2  fur.  6  ch.  27-2  Iks. 

II.  8  fur.  4  ch.  96  Iks.  12-  o  fur.  7  ch.  12  Iks. 

18.  17  fur.  3  ch.  4  Iks.  14.  34  fur.  8  ch-  88  Iks. 
15.  57  fur.  o  ch.  o  Iks.  18.  3  fur.  o  ch,  o  Iks. 
17.  o  fur.  o  ch.  16  Iks.  18.  54  fur.  4  ch-  80  Iks. 

19.  sdays3hrs.  M.    12.  21.    58-7  mis.  pet  hr. 

23.  160-38  yds.  as.   0-8  miles. 

24.  (i)  5  ft.  4-4  in.,    (ii)  S  ft-  0-8  in.,    (iii)  5  ft-  4  in-    (")  5  «■  O  in 

(V)  5  ft.  3-2  in.,  (vi)  4  ft.  9.2  in.,  (vii)  5  ft.  1-2  in. 

26.  (L)  671112000,   (ii)  8949600.   (iii)  66960,   (iv)  1040-4.   (v)  801. 

26.  8  min.  jo  sec.  27.   738  decametres. 
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Exercises  XXXIV.    P.  116. 
1.   4  sq.  in.        2.   8  sq.  cm.         8.   6  sq.  in.        4,    1S04  sq.  mm. 

5.  12  sq.  cm.     6.    15  sq.  cm.      7.   31  sq.  cm,     8.    I20sq.  cm. 
9.   2772  sq.  cm.  10.   ax*. 

EzerciEeB  XXXV.  a.    P-  120. 

1.  II  sq.  yd.  4sq.  ft.  8osq,  in.     2.  27  sq.  yd.   8.  31-4914  sq.  cm. 
4.  71-3  sq.  in.  5.  65  sq-  yd.  3  sq.  ft. 

6.  39  sq.  yd.  7  sq,  ft.  136  sq,  in.    7.  2  sq.  ft.  104  sq.  in. 

8,    300  sq.  ft.  9.    359  sq.  ft.  48  sq.  in.  ID,    100  sq.  ft. 

11.    1-0124  acres  nearly. 

Exercises  XXXV.  b.    P.  121. 

(i)  2,    {ii)  12,    (iii)  I,    (iv)  25,    (v)  36,    (W)  3,    (vii)  50,    (viii)  24, 


1.    3SO,  3.    700.  3,    280,  4.    49CX).         6.   560.         6.    350. 

7.   350.  8.    2S0.  8.   420.         10.    1400.       11.   8400.     13,    210, 

ExerclBes  XXXV.  c.    P.  122. 
isl  case,  78  ft. ;  2nd  case,  90  ft.,  30  sq.  ft.  wasted. 

128  ft.              3.    30  flagstones.         4.    19S  sq.  ft.  5.    400  slates. 

936  slates.      7.   720.                       8.   48  sq.  ft.  8.   572  sq.  ft. 
8  sq.  in.                                          13.    744  sq.  ft.,  j£r8.  i2j.  od. 

540  sq.  ft.,  ;i^l3.  loi.  od.               14.   5  sq.  ft.        16.  6  sq.  ft.,  41.  6^. 

i2sq,  in.         17.   440  sq.ft.         18,    220  ft.         19,  £j.  igs,  od. 

Exercises  XXXV.  d.    P.  126. 

1.  I  sq.  ft.  18  sq.  in.       2.   88  sq.  in.  8.    52  sq,  ft. 

4.     ^42.  12J.  6d.  S.     160  yd, 

6.  (a)  1550  sq.  in.,    (i)  1076,   (■;)  ll96Eq,  yd. 

7.  (i)  20  m.  I  dm.  2  cm.,  (ii)  4048144  sq.  m. 

8.  37293  sq.  ft.  9,   976. 

10.  Carpet,  23925  sq.  It.;  ma[^n,  8375  sq,  ft.       11.    S'^S  >"■ 

12,  3150  cm.         13.    168  sq.  ft.,  loS  sq,  in.  14,    27  sq,  ft.  72  sq.  in. 

H.  (a)  414ft-.  W  342  ft.,  (f)  304  ft.  16.    10  ft. 
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A  MODERN  ARITHMETIC 


Sxerclaes  XZXVI.    P.  128. 

1.    ISSxto'si].  m.     2.   6ioac.  8.    1385  sq.m.      4.   227  sq.  tn. 

S.   156  sq.  m.  S.  490  sq.  m.     7.   275  sq.  m.        B.   165  sq.  m. 

Exerdaes  XXXVII.  a.    P.  131. 

L  (a)  23  fr.  20  c,  (*)  193  ft.  60  c,  (r)  83  fr.  70  c,  {J)   9  fr.  36  c, 
(0  1945  fr.  30 C-.  (/)  876  ft.  Mc,  Ig)  897  ft.  6oc„  (A)  I  &.  76-23  c. 

5.  (a)  «  liies  30  c,  {*)  7  lires  83  c.  {c)  9  dol.  30  c,  (rf)  3  dol.  75-6  c, 

{e)  8  dol,  ai  c,  (/)  356  drachmas  80  leptas,  (f )  932  M.  13  pf., 
W  13  M.  2  pf. 
».   (a)  (i)  I  dol.  SO  c,  (ii)  2  dol.  60  c,  (iii)  103  dol,  ; 

(i)  (i)  150  ft.,  (ii)  lMfr.,(iii)  100  fr.;   (c)lldr.  20  leptas; 

(rf)  (i)  1814  lires,  (ii)  320  lires ;  M  (i)  515  M.,  (ii)  loi  M.  30  pf. 

Exerdaes  XXXVII.  b.  P.  131. 

1.  76  c.                                2.  4  ft.  70  c.  8.  131  ft.  10  c. 

4.  89  lire  90  cente^mos.     6.  307  dol.  20  c.  6.  2353  M.  86  ;rf. 

7.  75  M.  76  pr.  (approx).  B.  1200  dol.  15  c.  9.  4S3S4  ft.  o  c. 

10.  i4dol.  iSc.                  11.  326  fr.  IS.  101412  lires  48  c. 

13.  3301  do!.  65  c.              14.  7  ft,  60  c.  16.  I  Itr,  5  M.  90  pf, 

16,  76kr.  6M.  7t'6pf.      IT.  6  drachmas  80  leptas. 

ExerciMs  XXXVIII.  a.    P.  133. 

1.  24  cub.  in.  2.  (a)  13,  (*)  6,  (f)  40,  W  43*.  W  144- 

3.  48,  24,  12,  So,  S64,  2S8,       4.  S4,  42,  280,  2924,  1008. 

6.  (B)  192  c.  in.,  (*)  72  c.  in.,  U)  $76  c.  In.,  {d)  360  c.  ft.,  (/)  375  c  in., 

(/)  6300  C.C..  {s)xxy>«,c.c.,{A)axtKc  c.c. 

6.  1728  c.  in.,  27  eft.  7.  (a)iooocc.,{*)iooooooc,c. 

Exercises  XXXVm.  b.    P.  134, 
1.   iii-sc.  in.,  5760.      S.  2835  eft.  3,    17600  cc, 

4.  2  c  ft.  1086  c.  in,       6.    I  ft.  4  in.  6.   OC125  cm. 

7,  207.135  c.  in.  8.  14  ft.  9.  13  ft.  8  in.;  volume,  1476  c.  in. 
10.  7S.  11.  Content,  iSooc.  cm.;  substance,  loSoc  cm. 
12.  336  sq.  yd.  13,  5720a  14,  180000C.  ft.,  11350000.1b. 
IS.  0002  ft.          16.  70.  17.    4536010ns.         18.    I  c.  ft.  151IC  in. 
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SzerciseB  XXSJX.  b.    P.  140. 


.   s-ossSScin. 
.    I  pt.  14  f5  4  fS 


8.   I  c  ft.  5  c. 

6.   72600  gal. 
9.    7pt.,3l6c  i 


3,  0239  litre ;  C,  0-356  litre. 


1.  2079  bottles. 

4-   3-33  ft- 

t-    59-319  c-  in- 

10.  26r54f3i3iii 
12.  28f3  3f34S™ 
14.   0-864  in. 

Exerdsea  XL.  b.   P.  145. 

1.   67  Ion  6  cwl,  I  qr.         8.    7  ton  1 2  cwt.  3  qr.         3.   3  qr.  9  lb.  10  oz. 

4.   W  482  lb.,  (4)  1988  lb.,  (f)  2173  lb.,   [d)  31433  lb.,  W  479  lb., 

</)  1777944  lb.,  (ff)  43601  lb. ;  sum,  819  ton  10  cwt.  o  qr.  20  lb. 


8.  (o}84lb.  i(«.,W63cwt..  W8 

9  01.,  (i)  27  cwt.  a  qr.  30  Ih 

6.  I  ton.  7.    105007 

9.  I02I44  c.  ft.  10.  382  cwt 
12.  57  ton  8  cwl.  3  qr.  11  lb.  14  oz.  IS.  042  cm. 
14.  26  weights;  192  lb.  over.  IS.  40  litres ;  o- 1 S  gal.  left.  1 
17.  {a)  6720  kilo.,  (*)  19  cwt.  2  qr.  16  lb.,  (c)  245  kilo.,  (d)  3 


.  3  lb.,  id)  3  qr. 
.,(/}86too)3c* 

8.   99750  c.  ft. 
11.   787-39  ft. 


18. 


17  lb.  1 
nl7C' 


■  3<l' 


19.    (o)      8  .   14  . 


M    87  ■ 
{g)  566. 


(/) 


.  18  . 


lb. 


U)  3  lb.  6-2. 

38  oz. 

18  lb.  14  oz. 

»3  ■  4 

(i)    13 

24  ■  0 

id)    48 

8  .  8 

t/)  365 

19  ■     3 


15  +  306 


(«)    S  ■  3  ■  '6  ■     I      (0  3 
(^)  17  ■  9  -    5-15    {/)  I 
SI    (fl)  1408  drs.,    (4)  15  oz.   0.64  dr.,     (rj  16  lb.    1 
{d)  49  lb.  001.  12-544  dr. 
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6iS  A   MODERN   ARITHMETIC 

Exercises  XLL    P.  147. 

1.  3miD.56sec.,23hr.55min.4osec    2.  365  days  5  hr.  48 miii.  47  sac 

».  0-2545,   0-2564,  0-Z459,   02438,     4.  o hr.  45  min.  approx, 

5.  0'77S4  days.  6.   00S9  days.                7.    29  days  12  he.  44  min. 
8.  (a)  I,   (ij  I-I02,   (f)  1-23,   id)  1-38,  («)  1.62,   (/)  2-06,   (J-)  3-36- 

Exercises  XLII.    P.  149. 

I.    122836123  and  77163877.  i.   9.98.  3.   £0.  ijs.  6ii. 

4.    2050.  8.   8  gal.  3  qt.  l  pt.  6.    5-75.  7.    10  lb.  I  oz. 

'     2220.  9.    598.  10.    32,  11.    6d. 

£S3-  ijf-  oi  13.    19-8219661336  and  19-822. 

It    23780000.  16.   ^10.  IB.   381b. 

2061,  I  qr.  left.  18.    (a)  £2.  us.  8rf..  (i)  0-3614. 

45168.  20.    (a)  ^^7224.  III.  oi;    40-75. 

40  sq.  yd.  4  sq.  ft.  24  sq.  in.         23.    10065,  0-375.         38.   270. 

(a)  0.67,  (*)  18-70,  W  5-;8,  (d)  19-2.  W  67-225,  (/)  o.3i,  (g)  14085, 
W  4-II5.  (0  '6-2,  (/-)  6762. 

6-25.  26.    126-72.  27.   ^121.  Of.  4d.  3S.   5-4198. 

(a)  59-04.  64.8,  40-3,    (6)  637,  20.9,  2293,    {t)  579"o.  2085,  1295, 
id)  300,  9-84.  6-71,  (e)  30  min.,  (/)  1-41- 

(fl)  202,  (i)  30,  0-3.  81.    3015  inches  of  mercury. 

li5sq.  ft.  72sq.  in.  3S.    1134.  34.   846,00046875. 

.£2340.  I2r.  4ifl'.  38.    54-3. 

(a)  3-58  in.,  (i)  3-17  in.  38.    Hull  S9°9,  Oxford  6i°-3. 

(")  175.  (*)  3-68,  M  3-94.  W  ^M,  {')  2-84,  (/)  1-68. 

22  ft.  per  sec.  41.   48-6361  sq.  in.,  313-7055  sq.  cm.,  6-45, 

7  mm.  43.   985-6.  44.    13ft.  45.   £1.  17s.  ^d. 

16  hts.  40  min.  47,   0-279464. 

275  sq.  ft.  72  sq.  in.;   £6.  yjs.  gd. 

9  yds.  1  ft.  81672  in.  50.    50  ton  17  cwt.  3  qr.  12  lb. 

(fl)  290,  (*)  0-25196,  (0  .^o.  171.  3-3S'''  82.  ^o.  4r-  8^ 

S3.    12  hrs.  5  min.,   II  hrs.  56  min. 

Exercises  XUII.  a.    P.  158. 

1.   +/.            2.   80-.            8.   9i            4.    I2i-.  6rf.  6.  II.  <3d. 

6.  £i.  12r.  od.                   7.   8  in.          8.    i  ft.  3  in.  8.  2r.  i\d. 
10.   6  oz.        IL    104  lb.   13.    I  cwt.  68  lb.  13.  £2.  41.  od. 
14.    I  stone.  IS.   781b.     16.   go  in.         17.    iSt.  18.  too  yds. 
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Exercises  XLUl.  h.    P.  15S. 
1.   2  cwt.  i6  lb,  2.   ^6.  i6r.  6rf.  3.   £14.  js.  id. 

4.   2  ton  10  cwt.  3  qt.  ai  lb,  6,    2  lb.  10  oz.  10  dr, 

6.   24  mis.  I  ch.  7.   63  yd.  aft.  8,   6  m.  5  dm.  3  cm.  2  mm. 

0.   2i44gms.         10.   31  ac.  2  ro.  16  p.         II.    121.  12.    lu.  4^ 

IS.   4S  yd.  2  in.  14.    100  ton  13  cwt.  87  lb. 

Exercises  XUIL  c.    P.  159. 


Exercises  XLIV.   P.  I61. 

2.    (a)  14^1,      (i)  2^,     (0  16^?,     (rft  2^1,      (e)  6^?4,      (/)  62t\\, 

(^■)  StVsV    (*t  '8gJ^,    (0  lifi,    (/)  2c4g. 
8.    Hi.  iirf.  4.   /2.  y.  orf.  6.   4  ton  8  cwt. 

6.   39  yd,  7.    II  cwt.  2qt.  izlb.  8.   £26.  gs.  Jid. 
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630  A  MODERN  ARITHMETIC 

EzerciBeB  XLV.  a.    F- 163. 

«•  («)  I.  (*)  f  (0  T.  {'fl  ^.  (")  i,  (/)  ^%,  (^-j  f 

*■    (.TS  if  A  Tt).    (tI  5^  5t).   (tV  Aff  Tt)'    (If  )• 

"■  (i)  ttJi  lit  If>  TTt  tVh  ^- ; 

I*)  TTJr.    11T>    M>   t4'    Tjfi    Af  J 

(<")  ITir>   Bffi   TFi    til   TTT>   T03- 
«.    (a)  21  lb.,  (*)  5  lb.,  (f)  21  lb.       7.    {a)  8  in.,  (*)  gin. 
8.    £n.  9.   /y  and  48. 

^  Ezerci8«B  XLV.  b.    F.  164. 

!•    T'    IT)   TT- 

a-  {=)  Tj,  (*)  5T,  (t)  li  (rf)  4§,  u)  U,  (/}  -i^,  (f )  1^,  (A)  ^ 

(0  3I.  (j)  li  (4)  tV 

Exarcises  XLVI.  a.    F.  167. 

1.  3  cwt.  16  lb.,  2  cwt.  91  lb.,  s  cwi.  107  lb.        2.   £S.  or.  Srf.,  £8^. 
S.   (")  6fi  {i)  7U.    <0  "iff,  (rf)  19s,    (0  iotV.   (/)  MTs'tr. 

(£■)  57x57.  (A)  ioSjVV-    (<1  23^?,  (/)  122IJ. 

*■    TT'  TS"  T«'  I-     *■    TT.  TT>  T57'  ITI-     8.    ^'jri"  yVf'  jAi  ISt* 
'-    5t5I>  J37TF.    22^^,  696tVt-        *■    ST-         *■    TIT-      l**-     'Iff- 

11.   £6.  II.  irf.  12.   ^2.51.  iijrf.  13.   13  tons  19  cwi.  5S  lb. 

14.    2  mis.  7  fur.  195  yds.  15.    30  yds.  1  in. 

Exercises  XLVn.  &.    P.  171~ 

1-  (1)  T.  W  in.  W  Tffn,  ('')  ff.  (0  T,  (/)  TT,  (i-)  T,  (A)  tS. 
(0  AV,  (/■)  iVs.  (•*)  ¥.  U)  TTTc.  (»")  7H-  (")  59o|. 
f")  :nnnr,  (j>)  JoSn,  (?)  AV,  (f-)  iliS.  (vj  4'A.  M  A- 
(»)  Tnii'    (")  fSch,   (a*)  i*TT,   (^)  62jaaa, 

■1.  (a)  Tf.  TT,  T5.  T3T'  (*)  5>  5T,  5T>  TTt  t)  t|5,  JTTt  3TT> 
W  i<  ffT'  ^>  TT'  35'      ('1  TT'  TT'  f'  I3B- 

Ezercisea  XLVn.  b.    F.  172. 

2.  3-66666,  363,  3-625,  3S8333-     '-    5t5-    4    iJnnr-     ".    i^^. 
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ANSWERS  6il 

Ezflrcises  XLVHL  a.    P.  174. 
•■  Wei.   Wsi    (0  7i  Wsh    O^B'   (/)6,   (f)35.  (A).  St. 

('1  4tVi  </)  Si- 
3.   (a)  f ,    (*)  I-  4.   (fl)  ij,    (4)  f.  S.    iiV-  «-   sV 

1.    (a)  A.    (*)  A.    (-:)  tV.   ('')  SI- 

ExerdBes  XLVin.  b.    F.  175. 

1.    221-  8.    (a)  4^,  li)  if,  (<■)  31, 

Exercises  XLIX.  a.    P.  176. 
1-  (a)  If,  (*J  A  U)  Jt,  ('')  5T.  (^)  Jr.  (/)  A-  (J-)  irr.  W  it- 

S-    (a)  TUff'  (*)  Ttns  i    (a)  TDU>  (*)  T^-  8.    38  sq.  cm.,  inV 

Exercises  XLIX.  b.   P.  177. 

1.  I")  -*T.  (*)  A.  (')  35.  (-^t  It- 

2.  (fl)T5.  (*)'IT>  (')  iSy.  (rf)  ^■ 

8-    (a)  TT'  (*)  iV,  (0  hJ-  4.    {fl)  3^5-  (i)  TFTTt- 

8.   (a)  240.  (*)  3lff-  8-   tVi- 

Exercises  XLIZ.  c.    P- 177. 
a.   (a)  10,  1.6)  7.  (f)  6,  (fl-)  9,  {,)  4,  (/)  4,  (g)  6,  (A)  6,  (0  lo,  {j)  8. 
8-   ^-      4-   TI-      5-   (")  TET.  W'  (*)  t5.  TT-      «■  (»)  tI-  W  ^• 

.  Exercises  ZLIX.  d.    P.  17S. 
1.   (a)  48 lb.,  W-jolh.,  (Otb-      *■  T-      >■  It-      *-  as-      »-  tI- 
6.    z|.        7.   138.       8.   9.        8.   YS-        1".   m|.      11.   20.     18.   7. 

Exercises  L.    P.  I80. 

1.    (a)  h  W  31.  C-^)  12.  (rf)  A.  (')  T?l- 

8.   (fl)  I,  (*)  J,  (f)  t^  or  V/-.  ('')  il.  (')  /r- 

3.  (a)  5,  (*)  V-'  (^)  25.  W  tU>  M  T»- 

*■    (o)  I>  {*)  TIfV  W  HI"  (i')  TjVAj  (')  T- 
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Ezetdses  LL   P.  180. 

1.    TIF-  8.    Ttf  3.    ax-  *■    T7-  ".    yy. 

8.  ji-  7-  t5i-         8.  tV      9.  3,  T¥>f     10.  9o7tons4cwt. 

11.  Vin  arl-  12.  f       13,  4^  it  JJ. 

16.  f  16.    itV         17.  m^HaHd).  18.    i;^. 

19-  W  Sff.  (*)  'I.  U)  41-  Sa    (o)  3if,  (*)  ij|. 

21,  (a)  i?§|,  (i)  ii§.  3i   (3)  3.  (i)  13IJJ. 

23-  3sitFi  Zffffi  2.  2«5'  25J,  3tj5,  3tS3.  3lffl'  33^'  3-5T¥il">  35TTr- 

3«-  i")  IffJ.  (*)  S¥f-  25-    i")  -nVTSi  (*)  ITT 

38.  (a)  fl,  (*)  fS5,  (^)  f  Jf. 

Exercises  LIL  a.    P.  184. 
1.  (a)5'x3*.  (*)  a'xs^ii.  (■■)  iix3''"2',  ("Z)  S'x".  W  3*x^x7. 

a    (a)  tV  (*)  ST.    (0  TT-  (rf)  iri.   («)   TT.    (/)    F.   (i-)   H.    (A)  TS. 
I')  TIT'  Of  TCI.  W  tVtT.  (/)  ff.  (m)  h  t«)  T3.  (">  3?.  ifi)  ST" 

Exercises  LIL  b.    P.  1S5. 
1.   (a)  36,  (i)  aroo.  (4  37,  (-Z)  I44.  {«)  25.  (/)  9.  (i")  96-  2.    4 : 5  =  6- 

3.  1,  3.  5-  7.  II.  13.  '7,  19,  23.  29,  3"-  37.  4".  43.  47.  S3,  59,  61,  67, 

71.  73,  79.  83,  89,  97- 

4.  5  and  4536. 

ExerdBes  LIL  c.    P-  IST. 
1.    (a)  1-3  ft.,  (J)  17,  (c)  1-4-  2.    I'Sft  8.   6  mm.,  19  and  14. 

4    W3,(*)4,  k)S-  6.   7«3- 

Ezercises  LII.  d.    P.  189. 
1.   6  in.,  37-         2-    IS^-  3.   (a)  131,  (*)  131,  (0  233,  (rf)  109,  {,)  25. 

4-    («)  IT,  (*)  5.  i')  tI.  W)  ist.   (')  TFT.   </)  af.   (i')  U'    W  TS. 

(0  M.  Ui  h  (*)  si.  ('» T*T3.  (w)  ts.  (»)  tVt.  W)  It.  (/)  tVt- 

5.  6  c.c  6.   429  wts.  of  12.  7.   A  cube  of  1-5  in.  edge. 
8.   S944.                       9.    7-6  ft.                         10.    326  and  49  loads. 

11.   94  in.  13.   32.  13.   241b. 

14.  96  soldiers,  49  rows.        IS,  6s.  ^  lfl>   63  bolls,  90  groups. 
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Exercises  LIU.  a.    P.  192. 

1.  3*x2».        2.   a^xs*.  8.    a'xs'xa'.  4.    ii=X2*>c5'x3>. 

6.  7*  X  3' X  5^X2'.  6.    I3'xa'.  7.   z'^xs'. 

8.  5'x2«.  9.    a'xr'xa'.  W.    a'^S^^'- 

Exercises  Lm.  b.   P-  isa 

1.  s^xs'j'z*!*?-  3.  7'xa«N3Sxsx  11,  4656960. 

3-  (o)  390,  (^)  19200.  <^)  444.  W)  504- 

4.  (fl)  5^,  5T1,  BJT,  55;   (*)  5(Fg,  yirj.  FiJiJ'   IDil  J    M  T5IE'  U55> 

tA\.  TaVffi    (i^)  tiVf'   ttVb'   i»il>  ijfffi    W  tbW 

T5%t  TsW'  T¥f5* 

8-  (")  T5TI>  T¥3.  TTJ  J   W  5T'  TT'  E5'  IS  '  U)  THI'  T5F'  555- 

6.  lot.  T.    12  k.  8.    loEc.c.        9.   4  sq.  ft.,  l6and  9. 

10.  12  sq.  ft.,  64,  27,  12.  11,    -isV         12.    yVs-  18-    sis- 

!*■  inr-  J-".    2T0'  18-    iiU'  !'■    535-  !*■    5iF25' 

19.  204.  20.    19.  21.   At  every  i  of  an  inch. 

22.  3016.  23.   603.  24.    751.  .  26.   600. 

28.  3481b.  27.   /i.  28.   ^24.  u.orf.  28.    1836. 
30.  1120.                31.   93  yds.  lf[.      32.    [91.  and  24  fr.       33.    54. 

34.  246.  35.   54  and  71.         36.    224.  37.   045  inches. 

38.  (fl)7,  (i)i,  M3I-  39-   69696-  «■    (a)  5184,  W  93636. 

41.  (a)  42187s.  (*)  1728.  W  42875.  ("')  287496. 

42.  21472,502.         43.    225.  44    13,  34,  ...,  increasing  by  21. 

Exercises  LIV.    P.  202. 

1.  25  kilo.  2.   770  lb.  3.    150.  4.  9.9. 

a.  60  sec.  6.   66.  7.   9568  niin.         8.    14. 

9.  50.  10.    52500  cub,  ft.       11.   61.  3tt  12.   60,000  lb. 
13.  /1.41.  4iij:     14.   zi6.                  18.   24  yds.  2  ft.  8  in.       16.   ^9500. 
17.  loo^i  sq.  ft.      IB.    140801b.         19.    zoo,                  20,    loj.  loo', 

21.  42.  22.   0-0804384  lb.      23.   309300.        24.   4^19  lb. 

2S.  350  It  36.   ;(;i8oo.         27.   £iii.  i&t.  orf.      28.   £^  16s.  od. 

29.  6s.  gd.  30.    1200  tons.        SI.    174  Ions.  32.   ^V^q.  io- 
33.  140  ft.              34.   9  cwt.               39.    7  lb.  15  oz,       36.   63  in. 
37.  5500  gal.          38.   94-5  lb,            39.   82401b. 
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Exerciaes  LVI.    P.  209. 

.    3729  nearly.     2.    17  ft.  324  in.      3.    806-4.      *■    633024-     '■    I<*50. 
22  fL  per  sec.     7.    35-315  ft.  per  sec,  54a       8.   3a        9.   69-8. 
0-I35S  miles-  11.   o-ii68ca.ft.  12,    i68oocii.ft. 

I  tonl3ewt.  2.4qr.   14.    12.21792  tons,  ).<.  u  tons  4  cwt.  1-4336  qr. 
,    13300  cu-  ft.  gas,  2100  lb.  coke,  98  lb,  tac. 
2-1525  kilo.  17,    2-46  gms,  18.   0-68  lb. 

Passengers  ;Ci72254.  goods /179550.  20.   /ioo,^i375,  ^^825. 

.   Sports  /30,  football  £4$,  cricket  ;£i2o.         33.   £7$,  jCioo,  £irS- 
19-2864  in.,  200592  in,,  9-6544  in. 
I47150  lb,  8  01,  true  to  nearest  01. 
.   £799.  4J.  loSrf..  /985-  131.  oi-i;  /64a  2!.  Id.        26.   221,  184,  77- 
.   {a)  ,£1040.    12^.   6rf.,     {i)  £i2-ji.    17J.   bd.,     (0  /1965.    121.   bd., 
(d)  £3121.   lis.  6d. 
I.  SJ.  Sid,  £t.  91.  6irf.  29.    IO-4  tin,  896  copper, 

tons  16-025  cwt.        31.20,         82.   91-67  gold,  8-33  copper. 
1-54  (in,  11-54  zinc,  76-92  copper.        34.   S5-47  tin,  14-53  antimony. 
162  copper,  20-13  sulphur,  40-Zj  oxygen. 
<-i8  lime,  54-55  sand,  27-27  water. 
.    74-67  carbonate  of  lime,  6-0O  clay,  I9'33  sand  :  15  tons  24  cwt. 
.   78-84  clay,  0-5S  coal  dust,  20-60  njtro-glycerine,  6-633  kilo, 

57-5  sodium,  40  ox^^e^,  2-5  hydrt^en.  40.    I  ton  16-4  cwt. 

,  ^21.  i6j.  4irf,         48.  ,£41.  131,  4d.  43.  gV.  h  T>  h 

I2i,  2i,  2,  7S>  iSi-  «-    (*t  i6'33.  W  2-202. 

0-63,  id)  102,  U)  0-49,  W  0-30,  47.    1-862  tons. 

-   6g  %,  ;^2.  8J-.  itrf,  nearly.  49,   41.  Jd.  W.    101, 

6^.        62.  sS.        58.  3.       U,   27-2  loss.        86.  jfai-  y-  o* 
.   ^19.  y.  Ad.  67.    2-5.  58.   4^?.  69.   ^192.  lor.  od. 

45  lo  35-  •!■   2i-  ^-  0-0153, 

1  sq.  ml.  207  ac.  6  sq.  ch.  64,   £99x1.  65.    2-34375, 


Ezercises  LVn.  b.    P.  21S. 


1.  600  yds. 

2.   55yds.           8.  28.5ft.           '^  72937s 

5.    1305  mis. 

6.    1923  yds.                   7.  66-332  yds. 

t.  6-524  metres. 

9.  8364  cm.                  10.    10-53  ft. 
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ANSWERS  62s 

Exercises  LVni.    P.  222. 

1.   (a)  6  ft.   2  in.,   {6)- 14  ft  2  in.,   M  i8  ft.  8  in.,   (rf)  31  ft.  3  in., 
U)  14  ft.  2  in.,   {/i  15  ft.  3  in.,   i^)  21  ft.  2  in. 

3.  (a)  45  miles,  (*)  S3  miles,  (f)  2  miles. 

4.  (a)  107  miles,  (*)  37  miles,  {c)  94  miles,  <rf)  103  miles,  (^)  97  miles, 

(/)  117  miles,  (i-)  63  miles. 
6.   {a)  2z  miles,  [i)  z6  miles. 

Exerdsea  LIX.    P-  224. 

L  I.  2.  3.  S.  7.  ".  13.  17.  19.  *3>  29.  3'.  37.  41.  43.  47.  53.  59  i  3^- 

«-  ^^503.  8-   ;fi774-  13^.  id.  4.   ^^5. 41.  6d.;  0-25. 

0.  A  £2.  lit.  6d.,  B  £4.  161.  J:/.,  C  .i'4.  lOI.  orf. 

6.  0-20432 ;  jiTiin-  '■   Mff-  8-    1261250,  9.    5j  lb. 

10.  252  lb.  solfiur,  378  lb.  cbarcoal,  1890  lb.  nitre. 

11.  xfr-  ^    ("t  20Tii.    (*)  «  'on  '5  cwl-  3  qf-    (')  3M0. 

18,  32.  II  II,  18.  4  Ions  o  cwl.  3  qt.  1».  ^6.  fa.  oa^ 
17.  2* X 3' X  11' i  6  chains  or  0075  mile.                18.  £7.  41.  s^d. 

19.  II.                          20.   ;i390i4i-              81-  £i.iSs.sld. 
22.  (a)  l-^,   (i)  0.2.      28.   (a)  ^5,  (i)  l;^.      M.  i|  days. 

2S,  /75-        26-  45-        8T-  2<«5-       28.  ^425.       29.   s67i87S- 
W.   ^64.         31.   8.  32.    3i.  33.    n,  13.       34.   8. 

35,   A  wins  by  ^  mile.     36.   £212.  10s.  od.  37.   £0.  lit.  o^d. 

38.  £0.  ifa.  lirf.;  i-  39.  A/6.  y.  od.;  B^6.  lis.od.:  O £y.  loi.  orf. 
40.   iSf.  41.  390JI.  42.  ^5.  i&.  6|?rf. 

43.    165,        4*.   ;£5.        48.   as.        46.   3,7.11-  47.   000288;  80. 

48.   4  cwt.  copper,  10  cwt  zinc.  49.   jf  axo.  60.   ^£78.  15^.  ad. 

61,  7  hrs.  62.  ;fo.  ^i'.  4^!  £°-  5^'  7K!  ^o.  u.  loirf.;  aji,  iK.  i'^- 
63.   3i.  64.  ^385.  66.  A  ;£30o,  6^98,  C^n2,  D  ^fwa 

66.    792.        67.   0-0014999.  88.   7.  69.    1671  oz. 

«.  AjCS40,  BjC675,  C  ;£"«>■  62.  3%.  88.  200;  243-  «*■  45- 
65.  ^526.  86.  |S|.  67.  ijrm-  «.  fsff.  535-  69.  827^1- 
70.   ^83000l  71.   ^33.  d;.  &£ 

78-  jf7i73.  6s.  Sd.;  £8070;  £8g66.  ly.  4d.;  ^8608.  73.  /60.  151.  od. 
74.  ^151.  ij.  M  76.  /24i8.  171.  iid.      76.   140,  135,  126. 

77.    A-  «■   o635-  «-   .£15-         80.   25.        81.   £i.  ^.  sJaT. 

•2.   0-20625,  ^4-  5^-  9-60.        83.   (a)  iJ,  '  {*)  yV-    (O  2Sb-      »■   SKi- 
J.M.A.  2R 
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85.   (a)  189  miles,  (*)  z8  miles  per  hour,  (c)  10.30  a,ni.,  S-"S  ?■"■• 

88.  ^318.  4i.  4^.        n.  zV  w-  £3-  i^  orf. 

89.  man  £S.  iSr.  li^.;  woman  £7.  zs.  6d.;  boy  £1.  6s.  lojil 

90.  £0.  IS.  4irf.  91.   3.  92.   /603.  51.  od. 

83-  A  ^^17309.    y.  od.,     B  ,£^8654.    ixt.   &/.,     C  ^£6923-    i<M-   o^> 

D  /5769-   15J-  Off. 
M,   ifii6o.  98.   480,  iSofja,  100/48,  uof4o. 

96.   ^10.  171.  iigrfl       97.   £w.  los.  -jd.      98.   A;^90,  B/81,  C.£io8. 
».   TsVV  "»■  5x3'"".  S^nx'S.  S>'3X'3.  643S- 

101.   ^306.  i6r,  af:  ptofil.       lOS.   £7(1.  171,  ii£       108.   /i.  dr.  &/.;  |. 
104.   45  weeks.  105.   ^14.  106.   904.  107.   TajTyr- 

108.    .£1240,  £io6.  109.   740S8.  110.   2$2%.  111.    10$. 

113.   ^£479.  III.  \od.       113.    10S909.  lis.   i. 

lis.  50000,  6000,  6600,  3740.        lie.  loiW' 

117.  1130016 gis.                          118.   A  pays  B  2s.  "jd.,  C  pays  B  31.  2a[ 

119.  A  ^13.  lor.  orf.,  B  ^14.  81.  od.,  C  ;Ci4-  14^.  od. 

ISO.  jf  35  per  horse,  ^£14  per  cow.        121.   A  £1.  4s.  od.,  B  £0.  iSi.  c^ 

122.  j£ii34-  4J-  0(f.,  £6ij.  IS.  od.,  jCw>S-  '4^-  o^- 

123.  A/202.  101.  oi£,  B^2ZSt  0^112.  loi.  orf.,  D/'7S- 

134.  ^56250.  126.  34J.  126.  £0.  101.  Ilia; 

127.   £0.  4s.  old;  005078125.  ISS.   j£ii7.  141.  iia: 

129.  ;^!2.  130.  ^683.  131.  oii  131.  3^5.  182.  33a 

Ezerdses  LX.  a.    F.  237. 

1.  (a)  3r.  6(i;.  (*}  3^-  lorf.,  W  3^.  7a'-,  W  4^-  7K 

2.  (a)7i.  Sif..  (*}4J.  2K- M^f.  iorf,.(rf)8r.  2la!: 

3.  W  4J.  9^.,  (*)  y.  Hid,  M  P-  "K,  W  H'-  4^ 

4.  (a)  121.  6d.,  {d)  14s.  7irf.,  (<■)  i8r.  Si  6.   ^fi.  i^.  lirf. 

Exercifles  LX.  b.  P.  237. 

1.  £4.  7s.  6\d.      2.   j!;io7.  71.  3d.  8.  lou.  2if.            4.  51.  i^d. 

B.  y.  6i</.              6.    1578  lb.  7,  380  cwt.          8.  100  qr. 

0.  69  qr.               W.   26600.  11.  i2iootons.    12.  iziootons. 

18.  £s.  u.  lU     14.   £9.  igr.  Sd.  15.  £3.  los.  id.  16.  £4.  151.  4^ 

17.  £3.  121.  wd.  18.  ^&  8j.  jii  19.  7.       aa   112600a       21.  24. 

82.  S'3-                   i**'  ^36-  24.  sjiooo.         ».  2179. 

26.  \\d.  in  ibe  jf.     27.   8i\  miles.  28,  3  tons  a  qr. 
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Exercises  T-TT.  a.    P.  242. 
1   ;f26-o6a  2.   ^26073. 

4.   £3s.  2s.  2d.  6.   ^98.922. 

7.  £^3.  ty.  tJd.         >.  ;f34.  2s.  ajrf. 


£3S-  ^-  id. 
£'5583- 
£17.  I7J.  ifrf. 


Exercises  LXI.  b.   P.  s 


13.   ^^0024. 
IT.  ^iz.43t. 


6-   £4-75- 
10.   jf 0-003, 

14.   .;f2034. 

18.   £12481. 


8.  .^525- 

7.  /I02.65. 

11,  £o-<x.$. 

15.  £12 

19.  £,2 


4.  ;^S-4- 

5.  /116.9s- 
12.  £0009. 
16.  /I  I 


20.    £,0 


,  .^13-365.  28.  ;^I4-30S-       **■  jfii42SS' 

Ezercises  LXI.  c    P.  242. 

1.  /a.67s.  2.  .^3-4i9-  8.  /loi.  2j.  sJrf.    4.  £6-S5J. 

9.  .^3-751-  8.  j£:7-8o4-  7.  £3.705.                8.   £3.  p.  9^. 

9.  £6.21.  ojrf.  10.  £i2.6s.oi<f.  11.  £8.  51.  lolrf.     IS.   £16929. 

13.  £3-817.  14  £1.  14^.  6irf.  15.  £2,  6y.  4irf:       16.   £100-100. 

17.  £10^092.  IB.  £23-896.  19.  £i5-336-       80-  .^3-  3^-  4^- 

21.  £2.  2J.  81^.  28.  £2-177.  23.  £7-059.          24.   £13.  or.  ijrf. 

2S.  £8.  2s.  ^d.  Sit.  £9  131. 

Exercises  LXn.    P-  244. 

1.  (a)  (i)  £186.  13T.  4.^. (ii)  £1866.  I3i.  4^..  (iH) £i493-  &■  8^-.  (iv) ;£896; 
(i)  (i)  £1.  1 II.  2Sd,  (ii)  £0.  41.  5irf.,  (iii)  loi.  sd. ; 

U)  (i)  £75'92»-  2s.  6d..  (ii)  £361503.  181.  ijrf- 

2.  £150. 

8.  (fl)£438.  i(M.  iorf..(i)£9ii.  171.  6^.  W  £155.  4^.  2^. 

(rf)£iS82.  I9t.4ia^. 
4.    (a)  £0.  4i.  a/.,  (b)  £2.  6:.  Sd.,  {c)  £21,  (■/)  £8. 


Exetcises  LZIIL  a.    P.  246. 


■  5.  g.  T'  T'  T3'  Til'  S' 

■  Ji  g'  T'  Tj  7'  T7- 

'    ^i  I>  ^  T>  T>  4>  T»- 


■>  TTi  55'  5I>  T5- 
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A  MODERN  ARITHMETIC 


Bxerdses  LZm.  b.    P.  247. 


1.  (4)  h  W  h  {')  Tts>  W}ti.  (')  tV.  </)  h  <f)  jfe  (*)  ^• 

«■  (")  h  {*)  5.  (0  I.  ('')  I.  <«)  A.  (/)  IT.  (f^)  y.  (*)  ^ 

8-  {■>)  4.  <*)  h  (0  F.  (rf)  tV.  {')  Ti<  (/}  A- 

4-  {")  h  W  I.   (0  h  W  ^,  (<r)  tV 

6.  (a)  9J..  (*)  ly.  &{.,  M  I&.  e.   (a)  91.  4^.,  (i)  131.  4*,  W  IM. 

7.  (a)  ^2.  (*)  £4-  ly-  Ad;  {■:)  £S-  6s.  id. 
B.  (a)  2s.  6d.,  {b)  21.  Kf.,  (c)  IS.  Sd. 

ft  (a)  £1.  (*)  j^l,  (')  ;^2J.  "■  Ad;  (-/)  ^l.  l8r.  Sd. 

10.  (3)  ;£l,  (i)  £3.  (0  ;(;4,  (rf)  /4-  y-  Ad.,  W  .^3-  Ife-  ^■ 

11.  (a)  HI.,  (*)  9^..  {0  /5-  i'^-  orf-.  (rf)  i6v.,  (*)  161.  4rf- 

12.  (fl)  .£1.  W  ;^2,  W  ;^2.  ".  8rf..  {'/)  £^-  "&■  4^.,  («)  j£4.  01.  loi. 

(/)  ^5.  01.  xod. 

18.  (a)  ^i,  (*t  £z,  (A  £2.  OY.  7lrf.,  W  jf3.  (')  jC3.  ar.  6rf..  {/)  ;^5-  '81.  9^ 

14.  (fl)  ^i,  (i)  ^2,  {c)  £2.  y.  4rf.,  M  ^4.  ('}  .^54.  3^-  4rf-  (/)  jf^oo- 

M.  (a)  ;Ci,  (*}  £9.  M  £i,  (rf)  £16.  17^.  6d.,  {f)  £s^  (/)  ;f  109.  2r.  6^ 


Exercises  LXm.  c.    P.  24s. 
1.  (a)  ;f  16.  &.  la/.,  (*)  £ii.  ly.  yl.,  (0  ;£3*-  ^V-  ^■.  id)  £49-  &• «. 

M;^65.  isr.  4«'-,  (/)  £8i- 4^- 2rf- 

3.  (0)^14.161.  ioiii,(4);£27-4'-3i''-.W;f3*-3^-2!'^.('')^47.0J.li<£, 

(.)  ^54.  fo.   6irf.,   (/)  £ji.   14s.    loSd..   iff]  £S6.    lis.   9K. 
(A)  ;^66.  151.  Hid.,  (<■)  ;£89.  II.  3^.,  (»  ;C'o3-  i8r.  lirf. 
!.   (a)  ^65.  141.  orf.,  (*) ^99.  'S'-Ad.,  M  £ij6.  y.  Ad.,  (d)  ^i6a  lis.  od., 
W   ^199-    lOf,   8rf.,   (/)   ^214.   2s.    Sd,   iff)  ^255.    loi.   od, 
(A)  £zS2.  ss.  Ad,  (0  ^3"-  9r-  4^ 

4.  (fl)   ;f457.    21.   ejrf.,   {i)  /2S4S-    3J.    gJ-i,    (0    ^2936-    9^.    aid., 

(d)  £342%.  9^-  ^d.,   (e)  £i^.  III.  j£,  (/)  ^3409.   rj.  &£, 
is)  £1564-  (W.  10^-  (*)  £■3,(102.  isi. 

6.  (a)  ;fii32S-  iw.  &f.,  (A)  ;fi8938-  9^.  9d;  (0  ^^23337-  4^-  loirf-. 

(rf);fioi763.  ly.  SK 
«•  (a)  jCi7I57.  ly-  «4^-.  <*>  ^25460.  171.  2j^,  (t)  ^31444.  4^-  4K. 

(rf)  £39605. 01. 3i''- 

7.  (a)  JC107017.  9^.  7K.  W  .^i6t>4>5-  oj-  31^-.  W  ^HS^IS-  i*'-  4Ki 

(rf)  ^268470.  %s.  sK 
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ANSWERS 


•.   (a)  jCCgesg.   iw.  6d.,    (*)  ;^8oss8.   ly.  of.,    (<-)  £61666.  i8r.  &i, 

(rf)  ^£■41069-  y-  4^.  («)  j^iSi403-  «!■  3^ 
»■   (a)  ;^3908i3.  2s.  Sirf.,  (i)  jfisiroa.  i?r.  Sid..  {<:)  ^292019.  91.  7lrf-, 

{d)  1^409601.  i&.  2i£ 
W.   {a)  ^21518.   161.   3^^,  (*)  ^^35864-    Ijf-  9^-,  M  j£S4908.   2j.   &/., 

(rf)  ;£'4S006.  131.  nd.,  («)  ;^i9409.  2J-  S.^- 


EzerciseB  LXTTT.  d.    F-  249. 

X.    (a)  ;f5o.  13^.  Ti"/-,  W  j£68.  lu.  4K.  (0  jfioi-  7^-  3^-. 

(rf)  ;f  152.  oj.  loidl,  W  ^281.  14^.  6Irf.,  (/)  ;f324.  i9r.  lialL 
2.   (a)  jf  136.  y.  lif.,  (*)  ^£343.  I9i.  4rf.,  (/}  ^599.  31.  id., 

(d)  ^2271.  131.  lid. 
8.    (a)  j£:i292.  lU.  7a^.,  (*)  .^583.  !"■  9^-.  (')  ^iii^-  i&r-  8rf., 

(<*  /39*7.  V-  orf. 
4    [a)  £iA.  V.  od..  {d)  ^144.  191.  6d.,  W  /571.  7^-  'id; 

id)  /873-  14^-  10^ 
6.   (at  £141.  iSs.  4rf.,  (*)  ^2S9a  5s.  6d.,  (c)  ^^4008.  151.  Sd., 

(rf)  jf6i5i.  181.  Id. 

6.  (")  ^4SS-  9f-  a/-.  (*)  jC'3oa  tu.  iid..  M  ^3358-  «S^-  9^, 

id)  £5771-  21-  6d'. 

7.  («)  /97-  14^-  4^-.  W  ;^I22-  SI-  ii-^.  W  £596-  OS.  id.,  (d)  £gSl. 

8.  (0)  ^n47.  181.  4^.,  W  ^5939.  km.  8rf.  M  .^6877.  ly-  7d., 

id)  /I2S19-  ty-  9d. 

9.  {a)  /1S12.  131.  od;  W  ^8291.  i8j.  8d..  M  ;f  15756.  7J-  "i^, 

I'')  ;£7324-  i<w.  erf. 
10.  j£i42.  8s.  lod.,  (*)  £2r4.  7^.  41/.,  (f)  ^^1710.  41.  od., 
(d)  £3964-  iSi.  ltd. 


Exercises  LXin.  e.    P.  249. 

1.   (a)  21.  6d.,  (*)  II.  8rf,  i<)  9i.  6rf. 

8.   (a)  IAS.  yi.,  (i)  40r-  6^.  {')  £^7-  "^-  6d. 

ia)  3d.,  ii)  4d..  M  2x.  4.   (fl)  iid:,  (i)  4j^.,  (0  ijai 

(3)  ^l.  171.  6d.,  H)  £5.  17s.  6d.,  (0  £36. 

(3)  airf.,  (i)  AS-  lojrf.,  W  2rf. 

(fl)  ;fii.  la.  9rf-.  (*)  fif'f-  (f)  7^-6d. 

(a)  5rf.,  (i)  lojrf.,  (<-)  221.  6d.      9.   (a)  lid.,  (*)  5^1.  (0  81.  lid. 

10.   (a)  IJrf.,  (*)  ^i.  zs.  6d. 


;dbv  Google 


A  MODERN  ARITHMETIC 


Exercises  LZm.  £    P.  250. 

,  (o)  /26.  i&.  ^d.,  {b)  £66.  or.  8rf.,  (0  ^123-  i&-  3^^ 

,  (a)  £2V3.  gs.  orf.,  (*)  ^330.  121.  4*^-.  (f)  i:49o-  '8^.  41-^. 

.  (a)  ;f93-  t4J-  I'i'^-.  (*)  ;C354-  l&t.  id.,  W  ^I499-  "9f.  Sfli: 

4.  (a)  ;£496.  I&-.  8iif.,  (*)  ^51.  171.  ga.,  {i)  ^3738.  16s.  lod. 

6.  ia)  £1.  III.  Sid.,  {i)  £2.  181.  loi^,  ic)  £^  ss.  oid 

".  M  jfzji.  19^.  iH,  (*)  jC6SI-  III-  Srf-.  (0  jfi6S2-  ly-  "JA 

.  (a)  ^475-  '"■  loirf.,  W  ^1055.  III.  5j(t 

.  (3)  i:i3i.  &.  ii|rf.,  (*)  i:ijo.  loj.  3K 

.  (a)  ^402-  31-  8^.-  (*)  ;f;848.  I4f.  &£ 

.  (a)  jCa.  i9f-  7'i:  (*)  .^6.  141.  3!'*'- 

.  (o)  ^218.  icu.  3rf.,  (*)  ^^327.  151.  sa- 
ns. 6U.  (i)  £1.  y.  Sirf. 

.  (a)  £302.  is.  4K.  (*)  ^402-  ifo.  6<i 

,  (a)  £6.  as.  8^.  (6)  £z.  7s.  sirfl 

.  (a)  ^S6o.  171.  Id.,  {6)  ^227.  Ss.  fijii 

.  (a)  ^4.  '7^-  S"^-.  (*)  £'9-  &■  9rf- 

.  (a)  ^2.  41-  Sd.,  (i)  £S.  OS.  2d. 

18.  (a)  ;£-24.  5J.  4K.  W  It"-  oirf- 

1».  (a)  ;£i44.  131.  od;  W  £ii-  las.  od. 


Exercises  LXIV.    P.  251. 
1.  jf  109.  41.  4id.    S.  £s^.  jr-  arf.    !■   >6  tons  I  cwt  3  qr.  4.  £132. 

6.   ^2ii.w.  8irf.         6.  ^10850.  loi.  9rf.       7.  ^33-2^-7tV 
8.    ^162.  II.  lojif.        ».   j£2i.  gs.  4rf.  10.   796,6035  tons. 

11.   £j.  14J.  6tf.  12.    281  mi.  978S  yds.     13.    5  cwt.  2S-937S  lb. 

14.   £3.  2s.  4id  19.   £iSH-  "i-  ^^d.  appton.         16.   i;27o. 

17.   £7.  I7f.  afrf.         18.    57  ton  4  cwl.  2  qr.  7^  lb,       19.   ;£i6.  7^.  od. 
20-   (at  .ijl-  SS-  Vl;  W  ^lO'7.  14^.  8rf.,  W  .£11284.  "4^-  o^-, 

(a-)  jCsS7.  "■  Sa'..         (A  £\of^.  III.  orf.,       (/)  ^^2891.  %s.  <yi., 

\S\  .£8916.  II.  od.        (A)  ;£68o4.  181.  8i£,  (»■)  j£!286.  iii.  4^., 

(/J  £65083.  4^.  od.      (i)  £1234.  01.  Oi 
81.    (a)  ;Cii3S.  isi.  8^.,  W  £2153.  51.  ad.,  (f)  ;C20944- 
32.   (a)  £15,  A35.        (*)  ^520,  ;£Soo,        (A  £700,  £668.  ic^.  orf.. 

W  /75.  jf  1425.      (')  £800,  £40,        (/)  £350.  £9-  '<".  od. 
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iJ)  ;fi2334-  131-  arf-. 
{^)  ^56-  171-  7^-. 

34.  (a)  ^400, 


ANSWERS 

(*)  £741-  OS.  lorf-. 
M  ^48583.  41-  10^ 
(i)  £22&.  191.  6rf., 

(«)  ^255180.  i6j.  oif. 


«3i 

k)  /109.  21.  20., 
if)  £10.  IW.  lOrf., 

(/J  £76.  Ip.  lOd., 


(')  ^CScwo.        (/)  jf8i2S.  (^)  ^i7a». 


W  £^^,  W  :£7Sooo, 


Exercises  LXV.  a.    P.  256. 
.  o-s sq.  in.  approx.  3.  095 sq.  cm.  4. 


EzerdBeB  LXV.  h.    P.  266. 


1.    I-Z4  sq.  i 
S.  0  55"' 


S.   648.43  cub.  in.,  625.33  cub.  ic 
3.83  a, 


.   t")  l644'3025  and  1636.2015  sq. 
W  355-3225  and  351-5625  sq.  i 
(e)  642-6225  and  637-5625  sq.  i 
«.    1128-7,  1047- 

7.  [a)  1 1463  and  10938-6, 
M  150000  and  14415-8, 
(e)  2299-5  and  »245'5. 

8.  0-22  and  0-23. 
».   (a)  5-88  and  6.00,  (6)  4-96  and  5.04,  (c)  6-58  and  6-68, 

(</)  1-87  and  1-8S,   (e)  2-44  and  2-54,  (/)  2-49  and  2.57. 
10.  95778  cm.  and  94757  cm.  11-  18-4  and  i8-i. 


n.  (i)  126-5625  and  124-3225  sq.  in. 
I.,  {dj  5832225  and  578-4025  sq.  in. 
I.,   (/)  36o6-o02Sand  3594-0025  sq-il 

(*)  6944-6  and  6596-8, 
(rf)  47388-2  and  46099-9, 
(/)  32801-0  and  32459-0. 


la.  96x101. 

17.   9-4  X  lo*. 


ExerciseB  LX7I.  a.    P.  264. 
2.   21X10".  3.   ssSxioS. 


14.   4-oxio«. 
13.   3-6kio». 
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A   MODERN  ARITHMETIC 


Exercises  LXVI.  b.    P.  265. 

1.  47J4>'io*gr. 

2.  (fl)  131  X  10",  72  X  10",  {i)  z-3  X  io=,  II  j<  lo",  (c)  3.50X  io»,  rgi  x  rrf, 
(rf)i-69xio*,  9-5  xio'.W  3-3x10=,  2.oxio>,  (/j+Zxlo",  3-0  xio*. 
(g)  i-oxio',  II  X  lo",  (i)  MIX  id",  76x10",  (("Jfrexio",  4JSXIO*, 
OJjoxio',  iSxio*,  {:f)  9-3  xio»,  49x10',  (/t2-7xtc.".  I-9XICP*, 
(wJS-Sxiof,  a-4xio». 

8.   88  cub.  metres.  4.   24-40  ft. 

8.    57560,  reliance  on  1st  three  figures.         6.   350  x  10*  tons. 


Elevation  in  feet 

0 

328 

656      984 

1313     1640 

Bar  height  in  inches 

2992 

29-57 

29-21    28-85 

2S-50    28-19 

.  144-8 


12.    3272358. 
16.   835216.8. 


IS.  61879-2. 

17.  107-98. 

80.  901.       21.  18018. 

M.  28763x10*.  85.  3619x10'. 

8>.  65771  X 10*.  29.  403  X  10*. 


10.  60000. 

14.  29629. 

15.  981 59S 

-  9994-5. 


11.  390655. 

IS.  17-5364. 

19.  i-o6i2. 

83.  4219. 


26.  i79442xic^.  87.  1827X  lo*. 
30.  8831x10*. 


Exercises  LXVn.    P.  271. 

I.  6458.  a    3869.  3.    !3lb. 

4.  (n)  608233,  27'  O.I9''.  S.    1 :  2566,  t :  1841,  1 :  1609. 

9.  (a)  4287.  (*)S202.  (O626,  (rf)  554,  (<)ii6i.  T.   561.24  ft. 

8.  (a)  999.41,    {i)   31-265,    (c)    25768,    id)   0-81688,    U)   208-01  xie>», 

{/)  106.54. 

9.  7'68oin.  10.    1-609  Idiom. 

Exercises  LXVUI.  a.    P.  273. 
I,  4.  9. 16,  25,  36.  49,  64,  81,  100,  121,  144,  169,  196,  225,  256,  289, 


324,  361,  400. 
1.  4.  S>  6,  9- 


Exercises  LXVIII.  b.    P-  273. 
I.  210.  ».   75-  4-  331. 


6.  84. 
10.  63. 
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Exercises  LXVUI.  c.    P.  273- 

1.  (")  2.  (*)  3.  (■■)  6,  W  10.  {')  9.  (/)  14. 

2.  (3)  I,  (*)  4,  (f)  II,  (rft  8,  (*)  8,  (/)  lo. 
8.   (a)  3.  ('')  7.  (^)  '4.  (<')  14,  {')  13- 

4.  (a)  I,  id)  1,  M  a,  (rf)  J,  («)  I,  (/)  2,  ig)  3,  0)  3. 

6.    (a)  I,  (*t  2,  (.)  2.  (<<■}  3. 

6.   (a)  I  and  I,  (i^)  I  and  2,  (f)  I  and  2,  {d)  2  and  i,  {e)  2  and  2. 

Exercises  LXmi.  d.    P.  277. 

1.   W  13,  W  17,  W  23,  W  29,  ('')47.  {/)  S3- 

8.    (a)  s8,  (i)  64,  (f)  74,  (rf)  85,  M  89,  (/}  93.  (i")  97.  (■*)  99- 

8.  (a)  504  yds.,  (i)  I0I2  yds.,  (<-)  1228  metres,  (rf)  1752  ft.,  {i)  2396  yds. 

4.  (a)  672,   (*)  709.   (f)  856,   (d)  945.   (*)  2041,   (/)  3872,   (i-)  4018. 

{:*)  5306,  (.■}  5084,  {/)  70963. 

5.  (a)  1304,   (*)   7008Z,   W  0924,    (rf)  491-62,    {«)  6.57,    {/)  3OD905, 

(i-)  00529.  W  002538,  (i)  0-008904,  (/)  64-007. 
fl.   29,  23  over.  7.    278  yds.     •-   68-o8  sq.  cm.,  219-04  sq.  cm. 

9.  10  ft.  7  in.  neatly.         10.    1 82  ft. ,  730 :  728.  II.    19  people,  191/. 

ExerdsM  LXVUL  e.   P.  278. 

1.   ST-  3.   3y.  8.   Tf^y.  4.   irr-  6.   irfff. 

6.  5H>  7-   I'S^-  >■  0-77.  ».  0-86. 

Exercises  LZIX.  a.    P-  280. 

1.    ^46.  ifo.  Qrf.         2.   ^27.  I4J.  lirf.         a.   ^32.  4J.  ildl 

Exercises  LXIX.  b.    P.  282. 
1.   £26.  lov,  6iif.         8.   ^38.  lor.  4rf.         8.   /40.  19s.  Jd. 

Exetcises  LXIX.  c    P.  282. 
1.  £1.  51.  orf.       2.   id.  8.  ^o.  u.  So.         4.   ^o.  fo.  3^: 

6.   £o.6s.8a.        6.   ^0.31.43.      7.   ^40.         8.    £1.         fl.   ^168. 

10.   ;^42.  11.   £i6.  18.   ;£r20.  13.    i.  14.   9. 

IS.   6.  le.    12.  17.   4.  16.   9. 
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Exercises  LXIX.  d.    P-  265. 

t  £i3i-  S^-  od.  2.  £n.  ijj.  S'l-  3-  £3l6.  ifc.  gd. 

4.  £ig.  ss.  6d.  S.  £86.  141.  id.  6.  ji:i53.  131,  9at 

T.  /■le.  is^.  W.  8.  ^836.  31.  3rf.  B.  ^3.  61.  7rf. 

10.  £S4.  171.  lorf-  11-  £19-  l2s.  4rf.  la.  ^44. 

13.  ;£S7I.  61.  !rf.  14.   (a)  £1.  9s.  Id.,  (b)  £%.  6s.  7K 

16.   ^13.  121.  lod.  16.  ^170.  01.  y.  17.  ;fioi2.  9^.  7rf. 

IB.  £j.  18.   I  yrs.  20.   3  yrs.  31.   5  yis. 

22.   5  yrs.  23.   5  yrs.  84.    z}  yrs.  25.   4  yrs. 

26.   la)£2.  71.  3^-.  W£4-  101.  iid.,  W/61.  121.  iiol.  {d)  £ioS.  14^.  iial 

ST.   4  yrs.  28.    ijyis.  29.   30  yrs.  30.   o-z  yrs. 

31.   zi.  88.    2.  as.   3|.  34.    2g.  39.   3.  36.    a). 

ST.    2).  38.   2}.  39.   4^.  40.   60.  41.    2|.         48.   4. 

48-  .£159-  y-  Ad.  44.  ^394.  4r.  orfl  46.  ;£439.  &.  6t£ 

46.  jf57S.  «■  .£=700-  48.  j£:24a  40.  ^3.2. 

M-  £'053-  6j-  8^-         6>.  .£318-  iSf- 1^-         53.  ^150. 

63.    (a)  30,  (*)  60,  (c)  z6J,  (rf)  261,  (e)  is-3,  (/)  30.         84.    (a)  25.  (i)  15. 

Keviaion  Papers.    P.  289. 

A  1.  fiStonsScwt.          2.  £1.  %s.  16^.               3.  3704. 

.     4.  11  yds.  oft.  4  in-    6-    >!■           8.   6i.          7.  7-55-         »■  £^^H- 

9.  4191  sq.  ft.          10.  68.        11.   rni-     18-  00875.  13-  a- 

14.  5.  15.  £q.  4j.  lorf.  16.    587  ft.  6  in. 

B    1.  T5-               2.   42  sq.  yds.             3.    3388.  4.   00852,  00075. 

6.  00353073,  000161.            6.  ^28.  u.  ad.  7.    16380. 
8.  455.                       9.    013.                            10,  7601b. 

0   1-    1167  ft.  '■   5  tons  13  cwt.  2  qr.  91b.  1303.,  5916264  in. 

4.  565,  li  lb.  6.   £0.  4J.  2d.  gain.  6.  £$  gain. 

7.  10%.  8.    180.  ft  ^io.5j.Ofl^ 

D   1.   9hrs.  Z.  £%T.iQs.od.  3.    20min.  50sec  4.   85%. 

5.  700 sq.  ft.  6.  /44I-  ^■  .£14-  itK.  7K  8.   3J%- 
».    s||.                    10.  ,<:i.2..6rf.                11.   3i%. 

E   1.   T-  2.    1562-5.  3.  ^531.  ijj.  40! 

4.   31  lb.  4  oi.  16  dwt.  16  gr.  5.   0-94'^.  6-   £1092.  151.  8i 

7.    1155.  8.  ^7.  15J.  o<i  ft  ^25.  131.  4^ 
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ANSWERS  63s 

F   1.  ;^67o.  St.  irf.  to  nearest  id.        2.    7500,  0-0051.         8-   437- 

*■  TS-  5-  Tis-  «■   i4'553-  7-  ^688.  loj.  &/. 

9.   70.         10.   2a  11.  £1,  SJ.  oii  12.   7  i  5.  13.    33T25' 

14.  £600.  £59i^  £609,  £621,  £s9(>,  £646. 
G   1.   0-697.        2.    1295  litres,  23  litres.       3.   8-179...  %,  690900  apptox. 

4.   Manitoba  2j,  Ontario  17.  S.  ^^19.  lis.  iod.,£iQQ.  in.  \Qd. 

6.    I  S5  sij.  in.,  73  lb.  approx. 
H  1-  £6&>,£sio,£no.        3.    70%  town,  30%  coontry,  4.   37. 

B.   21  min.  6.    12S00.  7.    1256-636,  4-53  gal. 

8.   43-93  yds.  9.    1650  sq.  ft.       10.   360. 
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A  MODERN  ARITHMETIC 


PART  n 


m  LXXn.    P.  300. 
1.  374  times.  3.  0-132511101.  S.  16171  yd. 

4.   8756,  8.   0'5  mm.  6.   0125111. 

7.  5-84  turns  approx.  8.  014  in.,  08736  in.  9.  593  cm.  approz. 
10.   005  in.  II.   Thread  &04  in.,  handle  I'S  in.  nemly. 

12.   3.632  mm.  18.    1-0094  m-  1*-   ^.  ^■ 

30"    30^ 
1>-   Ht>  It?.  tIt<  its  sees.  19.   288  sees. 

EzerciBOs  LXZIV.  a.  P.  311- 

1.   8-64.           2.   9-43.             8.   27.9.  4.   290.  8.  7-43. 

6.  g-32.  7.  18-3.  8.  9-60.  9.  1-386.  10.  2-S3. 
11.  196.  12.  391.  13.  305.  14  817.  16.  103. 
16.   0-99.           17.   0051.          18.   0-94.  19.   0-4986.  30.  3^x6. 

SzerciseB  LZXIV.  b.    P.  312- 

I.  (a)  3i'i,  W  ao-2,  (f)  78-8,  (rf)  104-6,  W  158. 

3.  (a)  4-03,  (*)  8-03,  (0  S17,  (rf)  103,  («)  40.4. 
8-  (o)  j!:78-3,  (*)  £s6a,  (f)  j^i'S*.  i'i)  j£J4-3- 

4.  7-s  too  small  (- ).  B.    7-5  loo  high  (  + ).  6.   0-0001+. 

7.  0-Q000003+.  8.  404-.  fl.  S4  +  .  10.  0-052-. 
11.  43-.  12.  oo368->-.  18.  0-126+.  M  0-63-. 
16.  0.6-.              16.  29-.             17.   100-.             IB.  0-02-. 

EzfiTciBeB  LXZIV.  c.    P.  317- 
1.   (a)  4i'9  .  (*)  6,  M  6-4,  {d)  8-4.  a.   490. 

5.  {a)  87-93,  (^)  ■44'^>  (')  2916.      4   97  miles  nearly. 

B.  49  yd.  6.   743  ft.  nearly.     7.    38-4  ft.  8.  12  ft. 

9.  188  yd.  by  23-S  yd.       10.   7-3  in.      II.   2  ft.  410.    12.  5  ft.  U  in. 

13.  35.  14.   (fl)  17  in.,  (i)  61  ft.,  (()  26-6  ft.,  (d)  26-51  ft. 

16.  I2ch.2ilk.   16.   9-8ocm.  17.    191ft. 
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Exercises  LXXIV.  e.    F.  319- 

1,    (a)  Final  position  135  miles  to  E.  and  141  to  N.,  19-5  miles  between 

first  and  last  position. 
^   (")  7'33  miles  to  E.,  i'68  to  N.,  distance  752  mi.;  (i)  2'2 mL  W., 

30S  mi.   N.,  distance  378  mi.  ;  {c)  iifi  mi   E.,  43  mi.  N., 

I.    (a)  017365,  (*)  093969,  (.:}  O-SOOOO,  id)  O^e^^jg. 

Exercises  LXXIT.  f.    P.  331- 
L   100005.  ^-   >^<=^-  '-  30<H>i. 

4.   {a)  a"",  (*)  2«*,  (<■)  3"^,  W  5*.  («)  y^,  i/)  3"".  ig)  3"'- 

EzerdBea  LXXIV.  g.    P.  3^2. 
1.  8ia.  3.  25-01.  3.  40-5.  4  49-22.  6.  32-25. 

•■   553-  7.   15.36.  S.   lo-s.  B.  44-36.  10.  4265. 

Exercises  LZXV.    P.  3M- 
1.   7-69  tons.  3.   0-267  in-  ftpproi.        S.   jC36a  Si.  411^ 

4.   ^3.  jf.  9rf.  5.    509-48  gr.  6.    ZS3-J  min. 

7.    1751b.  8.    10-625.  *<    12501b. 

10.   35  in.  11.    544-7  >b.         13.   31-62  ton.        18.   156-8  lb. 

Exercises  LXXVI.  a.    P.  329. 

>.  (a)  h  (*)  T.  (^t  h  W)  T.  (')  s'ff- 

4-   i")  63^'.  (i)  7iJ°,  U)  76%  id)  26|%  («)  i8i%  (/)  14°. 

6.    {a)  e,  [b)  iij°,  {,<:)  n\%  id)  2z\\  U)  30°,  (/)  37%  is)  447%  W)  53". 


s  LXXVI.  b.    P.  330. 

1.   (a)  1-05316 :         (i)  0-56004 ;         {c)  0-33535 ;        (rf)  0-45383  j 
(*)  0-266i4!        (/)  0-59838;        {g)  O2I004J        (A)  I-452»- 
S.   (a)  IS"  26'  23' ;  (i)  47''  itf  i  (f)  56°  34'  1-  J  (d)  178°  42'- 
8-   W  34°;  (*)  0-S04;  U)  78°;  (rf)  290-9;  W  i68i  (/)  15s. 

Ezerdses  LXZVU.   P.  331- 
e.  (a)  26,  (*)  16.  (t)  38,  (d)  20.       7.  17,  7,  6,  14.  62. 
•.  (*)  302x10*,  if)  110x10'. 
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638  A   MODERN   ARITHMETIC 

Ezerciaes  T.yvviiT  k    p.  336. 

1.  8sq.  cm.  2.  8s  cub.  It.  S.  n  ft. 

4.  7  ft.  S.  132  sq.  ft.  6.  6l6  cub.  ft, 
f-  SS?""*^-'-  '■  *'"■  •■  V"  cub.  ft. 
ia  -M,^^  cm.  11.  9900  Ih.  12.  3  cm. 

Exercises  LXXVllL  c.    P-  337- 
1.    754  cc  approK.  2.    277  cub.  ft.  approx. 

5.  i^2'd>;  10  cub.  ft.  apptox.  4.    1706  cub.  in. 

— ,  8-6 1  cm.  6.   0'04274...  cub.  ft. 

7.    18381b.  8.    2041b.  e.   21-36  sq.ft. 

1  (i)  ioi8xio»,    (ii)  1264x1 
-'"-'"    '■')  1933- 

14.   0-35  CI 


5.  I  meire,  8-61  cm.  6.   0'04274...  cub.  ft. 

7.  18381b.  8.    2041b.  e.   21-369 

10.  (3)  (i)  3583x10,   (ii)  16-43  X  10*  i   (*)  (i)  ioi8xio»,    ( 
W  (i)  O.I2S7,  (ii)  2-177;  {^)  W  2479x10,  (ii)  19; 

11.  o-022cm.      12.   o-o56[nm.      13.    1025,  1-14  approx. 

Exercises  LXXIX.  a.    P-  338. 
1.    I,  8.  27,  64  cc  3.    B  2,  2.  2,  8 ;  C  3,  3,  3,  27  ;  D  4,  4,  4,  64. 

4.   B  23,  C  3',  D  4>.  E-   (a)  ;^6io;6-64,  (*)  7634580.  ('')  954-322S- 

6,  24lon6cwt.  T.   jc(o343).        8.    1440".        ».   243 x/^. 

Exercises  LXXIX.  b.    P.  34°- 
4.   B  57  X  10*,  C  36  X  ic^,  D  19  X  10",  E  13  X  lo". 

Exercises  LXXX.  a.    P-  344- 

I.    2  ft,                    2.    6-4  ft.                    3.  2  ilays,  4-  9  daj-s. 

f.  7200  8.  80%. 

I.  3^  lb,  12.  so%, 

i.  30.  16.  30. 

>-  42|lir.  20.  128  hi. 

Exercises  LXXX.  b.    P.  347- 

1.  W  745,  (*)  =71- 

2,  (3),  (0,  (i).  {>") ;  (i),  (y)  i  (g-) ;  {(),  {<!),  {h),  (i).  {i). 

8.  5.2  amp.,  36  amp.  hts,  7,   («).(*),(>)!  (<5),  (A  M- 

8.  (*)  833,  ic)  926.  (rf)  560,  U)  195,  (/)  667.  9.  54  o2->  7t  in- 


;dbv  Google 


8. 
9. 

42  cub.  in 

6. 
10. 

54  hrs, 
160  ft. 

13. 
17. 

4  years. 
I6h 

14. 
18. 

£22.81 

ANSWERS  639 

Exercises  LXXXl.   P-  ssi- 

1,  ^60.  2.   868  days.  S.   /s9-  »Sj.  7rf. 

4.  3,^  days  more.  5.   3  hr.  approx.  6.   3-49  hr. 

7.  2  31  tfm.  8.   64.  9.    100. 

10.  70  days  in  all.       IL   97'22  tons.      12.   (a)  5  iui)es  approx.,  (i)  34  ft. 

18-  93TTdays.  14.   (a)  2  tons  19  cwt.  1  qr.  11  lb.,  (i)  40,  (c)  ^£40. 

15.  7-  16-   62.  17.   (a)  s-90cm-.  (*)  00377  cni. 
18,  (a)  1181  kilo,  peraq.  cm.,  W  12-35  c.c.       l».  grf. 

20.  ^21.  14J.  11./.  21.   ^272.5;.  22.    20:9  cub.  ft. 

23.  (a)  3'Z  ft.  approi.,  {b)  752  lb.  per  sq.  in.       24.    36  days. 

26.  2odays.  28.   80.  27.   (a)  155  ft.  per  sec.,  (*)  150  ft. 

38.  1991  ft.  per  sec.       29.    1 4' 2  rain.  30.   717. 

31.  573  kilo.  82.   Couniesses  1-04 'imes  as  thick  as 'doubles.' 

88.  2625  days.  34.   265-68  sq.  yd.  35.    1-29  mm. 
37.  07556°.                     SB.   Ajf675,  B  ^£315,  C^i26. 

89.  A  ^163.  &.,  B  ^■28,  14J.,  C  ^39.  14T.,  D  li%.  4J. 
40.  £^.  i2i.,  lb.  41.    181.,  24J.  42.   /60. 

43,  97  sec.  44.    i-4osxio'ft.  45.   (a)  311cm.,  (i)  301  Erams. 

46.  (a)  21821b.,  (£)  1333^  lb.        47.   4111.         48.    59-6  miles  per  hour. 

4».  (a)  9-8  sec.,  (b)  7-18  ft. 

Exercises  LXXXU.    P.  363. 

1.  rooo  sq.  Iks.  2.    I'9  sq.  ch.  3.    5000  sq.  Iks. 

4.  40CM  sq.  Iks.  5.   7250  sq.  Iks.  6.   3150  sq.  Iks. 

7.  8950  sq.  Iks.  8.   5-35  sq.  ch. 

Uiscellaneous  Problems  LZZZm,   P.  3^5- 

1.  l6tT  min.  past  12. 

8-  (a)  a7TT  min-  past  5,     (i)  i6yt  min.  past  3.     M  sfj  min.  to  11. 

8-  (a)  43IT  min-  pasl  2,     (*)  5W  min.  to  J,    \c)  \b^^  min.  past  9. 

4.  i2xT  sec  6.   423j-sec.  6.   8jj  sec. 

7.  (a)  tV.   (*}  \,   (')  ilV   W  30  min.       8.   4^  min.      9.   7018  sec. 

10,  235  yd.  11.   427  min.  past  6  ;  5?  miles  from  A. 

It  334  days  approx.  16.    15  cwt.,  128  nearly. 

16.  II  lb.  of  the  cheap  to  each  8  lb.  of  the  dear.  17.   z6i  19. 
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IS.  38fT  "i'^  post  lo,    I4TT  mileSi    trains  35  miles  apart,  approach  at 

55  miles  per  hour. 

19.  3min.,SEoyd.  90.    s^  miU.  23.   ^£15.  2S.   3^  hr. 

a.  jamio.,  4iinin.  S9.    1800yd.,  ^fjj  and  95  m.  per  hr. 

S6.  2  miles,  24  min.  after.  2T.   60  days,  12  hr.  16  min. 

38.  izodays.  29.  16777  ^ys.  M-  5  days.  31.  8  days. 
SS.  5  days.  SS.  30  boys.  84.  1553  past  24,  ila.  253  min. 
M.  £o.gs.8d.         36.  ^3. 4^.           37.   ii;8o.                 SB.  3  hr. 

39.  5  miles.  40.    B,  4II  ft.  41.   36  miles. 
48.  33  gal.  and  83  gal.                           43.   S :  9. 


KeTision  Exercises  LZXXIV.    P.  37°^ 


8.  2«x3«xi3,  11x3x17,  7x13x17,  11x13x17;  7036. 

4.  4.  S.   3003,  4*4 kilo.  B.   ^5.  iji,  id. 
7.  36-251,  1521.              8.    loji/.  9.   633  tons. 

B   1.  XJ.  2.   2  646.  8.  ^126  4.   3  ft.  6.    II.  8d. 

7.  3  %.  8.    5662.  9.   6  em.  4  mm. 

10.  486261  sq.  in.,  313-7055  sq.  cm.,  6451,  true  la  units,  units  and 
tst  dec.  figures  respectively. 

0   1.  2928.  a.   £i3SS-6s.Sd.  3.   £i.os.iod.  4.   7%. 

5.  4J.  6.   6\/96,  4%'96-  7.   3471. 

8.  114.  9.   (a)  24S86,   (6)  4-02I.  10.   7749. 

D  1.  S5S357,  remainder  48.  3.   so,  £^.  gi.  3d. 

8.  (i)  2^  i   (iij  7-038. 

4.  (i)  2  ton  17  cwt.  2  qr.;   (ii)  II  miles  3  far.  176  yd. 

B.  218  fr.  51  cent.  8.   il/d.  t.   £%!%.  i^.  gd. 

8.  351-960.  9.   ^o.  I9r.  od.  approi. 

E   1.  (a)  0-7275}   (*)  £i6.  191.  lid.        a.   (a)  295-502;   (*)  I3097-53- 

3.  20.  4.   04.  5.    149,  1317160.  6.   4)%. 

7.  Istd.:3ndc1. :.  9:10.  3.   &.  S<f.,  6^.  loif.,  6>.  5aL 

».  £309,  £146.  /I7S.  ^149,  £30i. 
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ANSWERS                                              641 

F  I. 

6, 
8. 

£4072.  is.  %d.            2.    14400               3.    i6i.            4.    160. 

951,  3487.                   6.   2-z.                   7.   3280899. 

T^T-                        ».   34.               W-  ;C75.  i&f-  4^-  nearly. 

G  1. 

8. 
7, 
10. 

409i  sq.ft.,  46  sheets.                2.    SW7i  cuU  ft.,  37109S  gal. 
310284.                4.    8.                S.    155838.                6.    200%. 
1S97,  1904.          8.   £0.  Ss.  4d.                                  9,   6  m,  32. 
442-604,  no  decimal  figure. 

HI. 

4. 
7. 

540.  3780.                    2.   JJ.                   8.   00000008562. 

(i)  8356;   (ii)  14.  134-          8.    55S6591.                   6.    135%. 

23717-            8.    385.             8.    989  cub,  in.              10.   ^£2.  gj.  a/. 

I    1. 
4. 

e. 

B. 

£B.  6s.  &/.                        2,    3and  II.                 3.    (i)  ^J;    (ii)  -rVffV 
iioo yd,  loioo yd.                6.    r,  1-0625.  o«>2,  0. 
491  sq.  m.,  1  sq.  in.  approx.                7.   42,  6,  25,  26. 
;f439i'-  i2^-y-            »-   /3S8-  I9J.  da'.            "■    1-3215  ac. 

■    1-  jf  547- 17-t.  3rf-               8-   317-            3.    112  yd.  28  in.            4.    i. 

6.  32.        6.  0-O39S.  o-oo63i«.      7.  0-513,        8.  ^7373.  171,  7jrf, 

9.  40}  bushels.             10.  ,£224.  i8j.  6d.             11.   47,  54. 

C  1-  SaS-                  *■    -S3ffil"'  TTIffriT'  "if  JI"'  T^JTTiJi  -JinFiJ- 

3.  13  hrs.  32  min,           4.   27,  13.                         S.    r  day  4  hr. 

6.  1776  sq.  yd.,  1191  cub.  yd.            7.    2).          8.   0-028,  7-91  x  io~'. 

0.  156.                                                10.   2940  miles. 

,   1.  9  cwt.  I  qr.  26  lbs.          8.   ,£200.           3.    31.  ^d.           4.   /7630- 

6.  292251960.  8.   6  mo.            7.   39-. 17  in. 

8.  _J — ^,  62-Ssq-in.           9.    529x10*.                10.    52-9°, 

II.  3.937.          a.   £18.  171.  8rf.          8,   876576,5218.          4.    loibt. 

8.  192  cub.  yd.,  208  sq.  yd. ;   v—-^,,  a  —  —,  d= -■  8-   42a 

7.  (3)  Yes;  (A)  No;   (f)  No.  8.   £1.%!.  i\d..  £0.  2s.  gSd. 

9.  165S  mm.,  3317  mm. 


1.   990  or  3366. 

2-   64".  6835. 

3. 

/603.  61.  8rf. 

4.    12-8044- 

a.    (i)  58  sq- ft.  45  sq- in- 

(ii) 

I9  5<|.  ft.  99sq 

6.   0007782. 

7.   44  ft.  1  in. 

8. 

2Qft. 

9.   26-1%. 

10.   9-1301.  approx. 
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Exercises  LXZZT.  a.    P.  3%- 

1-  i«)  3*,  (*)  4*.  i-^)  lo^S  (''t  4">  M  itw*,  (/)  25",  ig)  (b)".  W  '" 

,o^,w(i)-. 

2-  TIF-        8-    Tff-        *■    ^  S.    f.         6.    tV        t-   T.         8.    I 

EzOTcises  LXXXV.  b.    P.  39O' 

'■  s-      •  »■"■■      '■  5      '■  ^" 

9.   a*-'.  10.   ai~*.  n.   If—.  12.   l?'\ 

13,  fiw-iM  14.   (o^ji)'"'.  15.   i!. 

Exercises  LXXXV.  c.    P.  yio. 

(ii)  io->   (-*)  ic?,  (0  io-».  (rf)  IO-' 

(/)  S-- 

-».  B.    (a)  3-,  (*)  3-»,  M  3-", 

8.    -  3  and  -  4.        9.    2  and  3. 
12.    5  and  6.  IS.    I  and  z. 


Exercises  LXXXV.  d.    P.  391- 
.   (3)  2,  {*)  -I.  M  -4.  ("')  8.  {t)  6,  {/)  -5,  {g)  10,  (-4)  - 
.  W  I.  (*)  3,  M  -  i.  W  S,  (')  -4.  (/)  -3.  W  3- 
.   (a)  J,  (*)o-5,  W  -{0-5).  (rf)  -I. 
.  (a)  I.  (*)  -I,  M  -2.  {-0  3.  M  4.  {/)  -S- 
.   (a)  -I.  (b)2,  M  3.  W)  -3,  M-i. 
■   (a)  0.5,  W  I'S.  M  -I.  (rf)-2-5- 
.  (a)  025.  W  (^rs.  W  o-S.  ('')  -(O'S).  W  -J'^S- 
.   (a)  -I,  {*)  -2,  (0  3,  W  2,  (;)  r,  (/)  5.  [g)  -5. 
.   (a)  o-i-.o-'.  (*)  io"=ioo,  (fj  io'=iooooc 

(rf)  3*  =  8i.  W  4-'-'=i=o.J25,       (/)  2'"  =  io24, 

{^   10>  =  <M»I,  (it  s-'=^J^=(M»8.       (0  j^=r', 

W  8=4".  W)  8  =  :6',  (/)  16  =  8*. 


i  wr*. 

{*ts*. 

')  s-'.  (')  5-'. 

1.  (a)  2-», 

(0 

2-' 

{')   2-",  (^)  2 

J.  2  and  3 

7 

-land -2. 

B.  5  and  6 

11 

-sand -6. 

1.  0  and  - 

I. 

IS 

0  and  -  I. 

1.  -2  and 

-3- 

19.  0  and  1. 

1.  I  and  2 

22.  -sand 
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Exerdses  LXXXV.  e.    P.  392- 

1.  (a)  I  and  2,      {6)   2  and  3,   (c)  o  and  i,   (rf)  4  and  5,  (e)  $  »nd  6. 

(/)  oand  I,  is)   landz. 
a.  (fl)  -  2  and  -  3,  (A)  -  3  and  -  2,  (c)  -  2  and  -  I,  (rf)  -  5  and  -  4. 
8.  (a)  -  I  and  o,  (i)  -  2  and  -  I,  (^)  3  and  4,  (rf)  2  and  3. 
4,  (3)  3  and  4,  (*)  o  and  -  i. 

Exerciaes  LXXZ7.  f.   r.  394. 

1.  (f)  0-23 and  0-307,  {d)  0-27  and  0-303,  (e)  o and 05, 
(/)  0.466  and  0-533,         (,?)  043  and  0478,          (i)  0.47  and  053, 

(0  071  and  0-855,  (/)  0-846  and  0-92. 

2.  (3)  0-60206,  ii)  0-69897,  (f)  0-77815,  id)  090309.  6.   095424. 

ExOTcises  LXZXVL  a.    P-  399- 

1.  (a)6.248xlo'gr,,  (i)  l.428x  lo-gr.,  (^)  3-S79  "  lO^gT-. 
(rf)  3.o66x.olb..              (^)  o-4623gT..                  t/)  357-9e'-. 

(^)  i.56xio'lb..  {h)  i-533x.o>'>lb. 

2.  (3)  1309.  (6)  1093-6,  M  725-9,   (rf)  2703,   (<:J  733,  (/)  2-3I9XI0-' 

{ff)  2-79"  lo*.  (-4)  6i'02, 
3-    (a)  43S.  W  4-58,  {&)  9-95.  (*)  '0-5.     *-   (")  35-88  c.  ft..  (*)  37-5  c.  ft. 
6.   (a)  1269  cal.,  0-056  in.,  (i)  3807  gal.,  0-168  in.,  (f)  5076  gal., 0-22  in. 

6.  (3)  0-007770,  Woooissc  Mo<io[i68,  (rf)  0-0005714,  («)  0-0004007, 

(/)  0-00003776.  7.    14924  lb. 

8.  (a)  00x14525,  0-07S39,  (6)  0-094,  °'9S3.  k)  0'088,  0-2764. 

9.  (3)  15-712,  (*)  0-089607,  (<)  535'. 

10.   (o)  i-2S75xio«,  (ii  1-8345,  W  0-38773,  f'^)  03650. 

Exercises  LXXX7I.  b.    P.  403. 
1.   9643.  2.   000071  in.  3.   399x10=. 

4.   M  170-3,  It)  3464.  (f)  626 X  IOC.  ft. 

7.  (..}  3887,  (A)  1S.5.  8.   {3)  32.9  ft.,  W  17591b. 

ft   4-57''lo'.     10.    (3)1.96,  (*)  123,  W  49-2.      II-   (a)  250.  (*)  96.3  in. 

13.  (3)3213x10=,  (*)  0.0047.  IS-   (")  20,  {6)1,  {f)3o. 

Exercises  LXXXVn.  &.    P.  418- 

1.  /■iooo(i.04)'.  2.   ^500(1-02)=.  3.  /500(i-03)'. 

4.  ^i2oo(i.o25)<.  6.    /8oo(i.o3)'.  «.   /8oo(i-os)'. 

7.  ^900(i.04)».  8.   ^750(1-04!' (I -02}.      9.   ^ioo(i-o6)*(i-03). 

10.  /400(|.04)'°.  11.    ^400(10325)'". 

12.  ^500(1. OS)' (1025).  13.   ;f7So(i-o6}'(i-03). 

14.  ^iooo{i-04)'(i-02}.  15.   .^iooo(i.045)'(  10225). 
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A   MODERN   ARITHMETIC 


1.  jCsoofl'^ 
ft  ^iooo{(i 


ExerdseB  LXZXVU. 

2.  £soo{{io2y -  <\. 


419. 


{/)  £126.  2S.  oid., 

W£^3-  '71-  approx. 
I.  (a)  4-04,  {*)  4-07, 
>.   laterest  table  : 


S.  ;C5oo|(ioi)"-i). 
)"-i).  6.  ^2O0{(i.oo75)^-i}. 

"-r}.    7.  ^iK»{0-oo5)*-i}.  8.  j(i.oi)»- 

Exercises  LXXXTU.  c.    P.  420- 
,51.  orf.. 


ires(  shilling,  (,-)  272.  51.  3^., 

(gi  A422.  :8j.  lo  the  nearest  shillic^, 
(0^11904  approx. 
(i-)  6'i68appTux.,   {d)  609. 


(3) 

W 

(<-) 

W 

yis. 

I  p.c. 

H  p.c. 

2p.C. 

2i  p.e- 

1 

lOlOOOOO 

1-0125000 

10200000 

1-0250000 

2 

lOJOIOCIO 

1-0251562 

1-0404000 

1-0506250 

3 

1 0303010 

1-0379707 

1-0612080 

H)768906 

4 

1-0406040 

10509443 

1-0824322 

I  1038129 

loSioios 

1-0640811 

1-1040808 

1-1314082 

6 

1-0615202 

1-0773821 

1-1261624 

'■1596934 

7 

10721354 

1-0908494 

1-1486949 

11886857 

8 

1^^828567 

1-1044850 

1-1716788 

I  2184058 

9 

10936853 

111S2911 

1-1951124 

1-2488659 

.0 

.-1046222 

I  1322697 

12190146 

1-2800875 

(') 

(/) 

ig) 

yrs. 

3p.c. 

4p.C 

Sp.c- 

10300000 

1-0400000 

1-0500000 

10609000 

1-0816000 

1-1025000 

10927270 

11248640 

1-1576250 

11ZSS088 

1-1698586 

12155062 

11 592741 

1-2166529 

1.2762816 

6 

1- 1940563 

1-2653190 

I-34009S7 

7 

1-2298780 

I -.3  "593 18 

1-4071005 

8 

1-2667743 

1-3685691 

1-4774555 

9 

■■3047775 

1-4233119 

1  55 13283 

10 

1-3439108 

14802444 

16288947 
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4.  (a)  ^2R.  17^.0/.,  {*)^34.  o.64rf.,  (<) C^i- los.Jd.,  [d) £8g.  9s.  Sid.. 
("t  jCS't-  »4r-  apptox.,    (/)  /4io-  '21.  approx.,  (j)  ^34.  jr.  gii. 

Exercises  LXXXVn.  d.    F.  4^1- 

1.    Sys-  3-    3%-  3-4%-  *■   £'200. 

B.   ^izigapprox.      6.    ij  yts.         7.    (a)  1005%.  (<()  1.06%,  W  106%. 

8-   5".  5"-  SI2S- 

Exercises  LXXXVII.  e.    F-  a^S- 
1-   (")  s.  W3V3.  W  IsJorzlf.  2.    {a)  £100,  {i)  £346.  8j. 

4.   (a)  £SS3-  o'-  S""-.         (*1  £2640.  15^.  6rf.,         (f)  ;f5o7-  '9^. 

(d)  ^1507.  6j.  &(■. 
B.    1-966,  60ft.       6.   70%.  7.   0547  lb.  8.   028  approx. 

B.    (a)  ^3<^09,   (A)  ^41836,   W  5-3091-  "■   £'i5'\-  IC"-  3'^- 

18.   £1712.  8i.  od.  13.  /7.  13s.  21/.  14,   ^133.  i8r.  Si/. 

16.  Interest  paid  in  each  half-year  instalment,  £20,  ^18-174,  .^^16-311, 
£i4Aii.  j£'i-47'.  .;f^'0-49S.  /8-478,  ;f6-42i,  ^£4-323,  jC^'^J- 
Principal  paid  £91-^2-!.  ;£93iS3.  .£9S<"&-  .^96917.  ^98855, 
;£ioo-83i,  j£i02-849,  1^104-906,  ^107  004,  ^109-144. 


Exetciees  LXXXVII.  g.    P.  430- 

(0  26approx.  2.    (e)  3oyrs.,   (_/)  j£!3,   {g)  46  yrs-  approx. 

172.  4.    [*)  ^10.  5i-.,   t/)  21  yrs.  neatly. 

{a)  £i),  (i)  4-8%  approx.     6.   (a)  18  yrs.  approx.,  (i)  14  yrs-  approx- 

&\  yrs.  approx.  B.    44J  yrS-  apptox. 

(a)  6-4  yrs,,   {i)  17  yrs,  apptox. 

Exercises  LXXXVIII.    P-  434- 
1.    (flt3S,  (*)6o.  C'^) '710-  2.    (fl)56,  (i)6o,  W  5280. 

3.   (fl)  9,  (*)  16,  U)  336.  4.  [a)  17-5,  (*)  24.  (f)  660- 

6.  (a)  6-5,  (*)  24,  M  9J4-  6-   ("}  SS.  W  '2.  W  12S- 

7.  (fl)  34-5.  (*)  6o.  ('t  Z730-     8.    (a)  7,  (i)  60,  M  ro8o. 

11.    103  m.  12.    :ooin. 
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14.  (a)  ai7Si.  (*>  2293,  M  3S88>^io'.  id)  6o68-8,  (e)  152850,  (/)  79i, 
is)  306S"  io»,  W  44212-8,  (0  73536S.  t/)  3243''  lo", 
(*)  176419Z.   (')  96510-7- 

16.  ia)  1.3,  (A)  1.8,  W4:S.  (rf)9:7.  W  "6:9,  (/)  J:';(>'-J:^), 
is)l:(j^-l). 

16.    W  ;^,  (A)  H.  M  iVj.  M  xViV  "■    11-3  in- 


Exercises  T.XXXIX.    P-  437- 


1.   jC'-  V-  9i 

3.   £4.  191.  9^. 

8.  iro.4< 

iK 

4.   /49.  191-  4^- 

J.   ;£7!.  «.  »;. 

e.  £1-  V 

7"^ 

7.   ^..  fa.  Hi 

8.  .C13.  8,.  iili 

8.   l,z.o, 

lo: 

10.   ^27.  «.  aW 

11.    ;£..  1U.6K 

13.   il.o. 

i¥- 

11.  u  ly.  "li 

14.  .£i6.  loi.  iirf. 

U.     ;£!.  6, 

i.i» 

16,   £4.  SI.  4K 

17.  .Ci.  „•.  <K 

«.   ;C9.  iS 

..oji. 

18.  /88.  171.  U 

20.   .Cl.  3. 

OJJ. 

21.    J.n.  a],  1906. 

23. 

.<;876 

38,    .flJSO- 

24.   July  I.  1905. 

35.    Sept.  10,  190s. 

211.    3  7, 

37.   37.- 

28.   July  1,  190J. 

20.   J.U.30. 

SO.   ].u.  8 

81.   ,JX. 

Exercises  XC.    P-  440- 
,    (fl)im.,(i)VJ5.  3.    (fl)  3-6  in.,  (A)  4  8  in. 

.   (fl)(i)  14-94,  (ii)  r-2S;    l^tW '7-4.  (ii)  2-251   W  (0  8-912,  (ii)  1-25; 

Kl  (i)  3225.  <ii)  "6;  (<)  (i)  "-4.  (")  8-128;  Cfl  (■)  12.  (")  S; 

{,?-)   (i)   60,    (ii)    ll;    (h)   (!}   15,   (ii)  8;    (<)  (i)  20,   (ii)   15; 

.    188-5  ^'  f'-  I'-    'o  ^-  ■"  (approx.).  6.    55-0  sq.  in. 

,   (o)  254-4  sq-  in-,  (*)  235-6  sq.  ft-,  (f)  I7S-9  sq-  ft-,  (rf)  iSg^  sq.  ft., 
ie)  1156  sq.  ft. 


8. 

348-72  sq.  in. 

9. 

(21 -6x1  or  67-858  sqin- 

10. 

32I"-. 

11. 

285  sq.  in-  (approx.). 

IS. 

(«}  75*  Of  235 

62  sq,  cm.,  (A)  104* 

or  326-73  sq.  cm,,  M  l891« 

S940-7  sq-  in 

W)  17-r  or  53-4  sq.  in 

,  {t)  268401  or  843  X  lo"  sq 

ExerciseB  XCI.  a. 

P.  442. 

1. 

30-39  sq.  in. 

2.    475.3  sq.  in. 

8.    1270  sq.  cm. 

4. 

i932xio'sq.  c 

m.       5.    2865sq.cn,. 

6,    1810  sq,  in. 

7. 

3801  sq,   ft. 

8.    7917  sq.  cm. 

9.    5542  sq.  cm. 

10. 

42-7  cm. 

11.    46  3  ft. 

12.    51  in. 

18. 

10.3  cm. 

14.    30.2  ft, 

IB.   zo^jcro- 

16. 

15-2  in. 

n.   38-2  yd. 
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ExerciBes  XCI.  b.    P.  443- 
1.    201  K  10*  sq.  mis.  3.   44i7Ssq.  in. 

3,  40-55  cm.  4.    50'26s  sq.  in.,  otfolb. 

5.  (3)33S"<'o°.    Wij-g^io",    WiZ-gaxio*,  WlSoSxiC, 
M  39-4 X  '<:>•.    </)  6488 X  lo",  (^)  ss86x  lo". 

6.  (0)8.33x10',     (*)  52.1x10",     (OSo.axio',    (rf)pxio". 
Wiooxio*,     (/)a.7SxioS,    (j-)  i-27x  lo*,    (A)  1446  x  lo". 

7.  40r  or  12J.7  sq.  in.  8.   64*  or  20|.o6  aq.  ft. 
9.    16075S  sq.  cm,                                10.    163363  sq.  in. 

11.    179.071  sq.  in.  12.    12667  mm.  13'    2264  lb. 

Exercises  XCII.    P.  453- 

1.  (a)  4412  cub.  ft.,  (*)  136.19  cub.  ft.,  (0  9-2  in..  Id)  75  cm. 

2.  757  gal-  3.   4  gal.  (approx.). 

4.  422  gal.  6.    3  mm.  neflrly. 

7.  (a)  surf  9161  sq.  cm.,  vol.  Sssx  lo*c.c. ;  (*)  surf  1662  sq.  ft.,  vol.  6-37 

cub.  ft.  :   (i-)  12S.7  sq.  in.,   dia.  64  in. ;    {d)  surf  283-529  sq.  in., 
dia.  9-5  in. ;   (e|  vol.  203.69  c.c,  dia.  7-3  cm. 

8.  14I  cub.  in.  9.    150-8  cub.  in.  10.    534  cub.  in. 
11.   268  cub.  in.               12.    396  cub.  ft               13.    180  grms. 
14.   79.8  cub.  in.              16.   945  lb.                      16.   4974  cub.  ft. 

Exeiciaes  XOIU.    P-  458- 

1.   (a)  1460C.C,   (ij  735  c.c,   (t)  37500.0.         2.    26oocub.  in. 


Revision  ExercisoB  XOIV.     P.  459- 
HiaceUaneons. 
41.    132561a  2.    4644  in.  8.   ^^4.  19J.  oa. 

4.    iTT  ac,  .C3465-  8-   £5SU-6!.8d.      6.    r  jV  days. 

7.   .^105.  8.    1  m,  4  dm.  9  on.  8  mm. 

9.    135  years  nearly.  10.   0-26275  *^- 

B   1.   9Tr-  2-   ;i'S2o83  approx.  S.    13-4,        4.   2  T.  iS  c 

6.  £47.  141.  lid.,  2p.  irjrf.  6.   495  cub.  ft. 

7.  204  yd,,  inimin.      8.   ,£3.  2j.  9.   ■^57,  6  in.  roucbiy. 
10.    2  yrs.  9  mo.  ftpptox. 
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0   1.  33,3-8910.  3.   Differenee=ooo37  in.  3.   51. 

4.  3.14.         S.   ;fii.    6.   £i.6s.Sd.        7.   £866apptox. 

8,  102-6  hrs.  appron.     B.    ^9  85  ac.         10.   89304, 

D  I.  17810,9-995,0.40156625,2120-2698.  2.   32%. 

3.  £1.  los.  loK         4.   ;i:i2o.  S.    2  yd.  8.    5. 

'■  ;i37-  4i-  oa.  8.  9.   j^io66.  ip.  ^. 

10.  1-2  3C.  approx. 

E  1.  3-141597,1.00000127.        3.  £22^%.  (is.  yi.      3.  8  sees. 

4-  ^3,  £2-  81.  orf.,  ;^o.  I2J.  orf.  6.    so  miles. 

7.  S3  approx.  8.    16  a  sliilling.  8.   /130.  Iii. 

10.  0-247,  0-987,  2  M>.  3-948,  6-169,  8-883,  12-091,  15-792-     No. 

F   1.  7  cwt.  2  qi.  iS  lb. 


'VI 


6.  MieSxic*.  I594X  10',  S4717K  10*,  ejxio'app,         7.    11}  mi)e. 

8.  26-3  approx.        9.    ij  in.       10,   4  ac  2  10.  23  po.  to  nearest  pole. 

a  8.  640  mm.  8.   ^161.  9i.  6rf.         4.    .^453-  'oi-  ZU 

8.  j£4.  lu.  9|(f.      6.   27  miles.  7.    i6l-i33approji. 
«.  I-S9%-                 8-   £o.(,s.gd.           10.   ;^i94.  4J-.  approx. 

HI.  3956-  a-  .£631. 11..  r-/.     a.  21?%. 

4.  i-s3in.,  o-yfim.  6,    Ij- liquid,  jj  water. 

6.  00376723,  2-538  ft.  approx.  7.   4i  %.  8.    24. 

9.  1 : 0.993,  I  ■  7777-  ^0    36  ac.  o  ro.  23  po.  approx. 

I     1.  M'l'  4.00001.  2.    101-6  neatly.  3.    100%.  4.    192  in. 

5.  119,  119  ft.,  Il9  5q.  (t.  0.   6  cub.  fl.  192. cub.  in.;  4  yd. 

7.  o-8iS-  8.   ^S7-  6r.  44o-  8.  10.   jC28cmj7 

J    1.  (i)  K1004  neatly  ;    (ii)  0.7022  nearly.  2.    5-68  m.,  1-602  aq.  m. 

8.  56.        4.    18-5625.         S.    24240  3rd,  9696  1st.       6.    £f26-  2s.  ad. 
7.  ;^7is.  8,    3oi.  9.   ^3-495  xio<. 

10.  4  ac.  o  ro.  25  sq.  p.  approx. 

K  1.  jf  18524235-  iw.  Orf.       a.   4%,9.       8.   (fl)  ii7fjyd.;  (i)3f  min. 


4.  ts  min.  16 

6.  14592  cub.  in.,  8064  cub.  in.,  6528  cub, 

7.  W  ;f<5''3'fei   W  £^^ooc 
9.  ,£146-  131-  4^-         ">-    («) 


194-4 


£1.  ly.  +/. 
approx. ;   (*)  ^35!  appios. 
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ANSWERS 

1-  376.379- 

2.   ao casks,  11  mm.                S.   625. 

4.   i.408,<^s/I 

».    13.                   «.   67.08  ft,  121  ft 

7.  £i.  i!w.  %id. 

8.^625-               »■   *:S- 

10.   465  yd.  and  846  yd 

approx. 

MI.    I234».  8.    imin.Siis«;.  3.   ^819.61.3^ 

4,    25.  5.   2825761,  2560000. 

8-  .^3550.  JC3124.  .£^982.  amounts  would  be  ;i;3536.  £3^^<  £399^ 
7,  j^iooo.  8.  ^20.  51.  4d.,  zog. 

9.    18019,  35306,  9055...  ac.  10.    8,  40)  jusl  outside  C. 

N  1.    I  ro.  19  sq.  po.  isi  aq.  yd.  2,    Ii'x7''xi3». 

3.   54,  000096  gr.  4.    izia  fi.    8|^mm.  8.    12  days. 

7.    22his.  B.   27.  9.   ^11.  Oi.  8i  10.    ii6ac.  approx. 

Exerdses  XOV.    P.  4&>. 
1.   69  to  neatest  day.  8.   71  days  to  nearest  day. 

3.   83  days.  4.   22  ;  Aug.  33. 

6.   (a)  80.  Sept.  20  J    (i)  Aog.  15. 

6.    (flj  ^650,  Nov.  25,  1906.;    (*)  Nov,  29,  ;Cis85 ;    (<■)  .£400.  Dec.  3 ; 
(rf)  ;Cl50O,  Mar.  7  in  the  following  year. 

ExOTciBfla  XCVI.    P.  485 

1.   (a)  7-98805.         {*)  7-93787.        a.   (o)  5-6S5'8.         (i)  9-44984. 
8.    (a)  £3-  171.  i(*i         (*)  ;f4.  4J.  "irf-  4-   .^3.  I7.>.  5K 

B.   93S.  6.    132.  7.   0-941  in  each  case, 

S.   0-67S  approx.  9.   0663  approx. 

10.  (3)  £0.  91.  9K        (*)  7!.  11-4^1  U)  £z.  U.  Id. 

11.  (a)  0.9a  (i)  0-98.  ic)  0.917.  ("^l  O-9O0. 
{i)  0-874.  (/)  0900.  (,e)  0-873.  1*1  °9'6. 
(0  0-919.              U)  0-917.             W  0-900.                12.   25.22. 

»3.   (a)  ^1  =  6.305  roubles.        {*)  ;fl  =9.762  yen.        (f)  .£1  =  18-1595  kr. 
14.   (3)  o-il  fr.  (*)  3927  fr.  15.   20.31  and  20.53. 


Exercises  X07II.    P-  489- 

.   (i)  {a)  ;CiS.25i-  i7i.  jy-  (*)  ^15,^33-  '8f-  SK 

(<■)  AI5-349.  9r.  ij'/.  in  3  mo.,  or  £15,234-  6/.  8ii^  at  present. 
(<0  ;ii5.337-  4i-  '"/■  in  3  ""o-.  "'  -i^i5.222.  41.  ^.  at  present. 
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<M)  (a)  jCi73'-  4J-  W.,         (*)  £,m9-  Z'-  od.,         (0  ^1742-  5'-  3'*'-. 

(ifl  jf  1740-  17^-  6iif. 
(iii)  {a)  /230s-  I2J-  >''■.       <*)  ;£23(W.  i?^-  lorf-,       (')  £2320.  71.  i^. 

M  ;C2a.i35-  7i.  ^  in  3  mo.     (rf)  ^22,168.  or.  6rf.in3mo. 
8.    aU-  4-   aj-40. 

Exetcises  XCVUI.  a.    F.  494- 

2.   (a)  £2408.  15^.  od:,   (4)  ^4120-  'Oi- orf.,    ^^^4850- 
8.   (a)  ^440;   (*)(i);£690,(ii)ii86.  5i.,(iii)^!». 

Exercises  XOVIIL  b.    P.  49S. 
1.  £\\3t-  >JW.  o^.  >!■  ^£831.  iij.  6rf.  3.  ^1038.  ly.  od. 

4.   ^2Z975.  6-   >Cio84.  21.  6rf.  6.   £^3.  i&s.  bd. 

7.   £3701-  y-  orf-  8.   ^4440.  9.   A59.  7^-  6rf- 

10-   ;f9837.  loj.  od:         II.   ^1254,  81.  oo'.'         12.    ^5812.  ioj.  orf. 

15.  H^3046.    (*)  3S03-    (^)  3  429.    (>^t  3483.    (')  3-333,    (/)  3-67o, 

W  3-431,  {*)  3-315.  (0  3-352.  (»  4-124.  W  3-9025.  (/)  3-465. 

{pi)  3-449.   (")  3-297.   (")  3-390- 
14.   (a)  ^45.  St.  od.  gain,     (j)  ;f  109.  131.  Oi£  loss,      (i-);f  IZ3.ICU.01/.I0SS, 
(rf)  ^126.  17J.  orf.  gain,   {i)  £4.  21.  od.  loss,  (/)  ^^37,  21.  orf.  loss, 

is)  £iQ.  loj.  orf.  gain,     (*}  .i'ag.  15/.  a£  loss.        (0  £x.  xs.  od.  loss, 
(_/)  ^424.  i8j.  orf.  loss. 

16.  (a)£94,  WjC'35.  M  jfi24- 4i-orf-.  W)^i02,  W)  £ic&i.  (/j^isij- 
le.   (a)  si   (i)  si.   (0  3J,   K)  2tV.   (■')  si   (/)  6¥.   (S)  2- 

17.  (a)  4.  55.    W^3-4'.6rf.,2i,  8,     M /6.  i6j.  4^.,  5J,  75,    (<^)  3.  6. 

(«)  3.  53.  7>     (/t  2T.  4.  6.  IB.    300000. 

18.  £220X,,  10%.  20.  .^1650.  81.  ;Ci487.  101.  orf. 
82.  /Sio.                      38.  ^811411.^34485- 

M.  £357-  ^-  'Orf-.  /i64J-  171-  2d.,  ;fi78s.  4J-.  3rf. 

3S.  (a)  ^316925,   (*)  jfo-  i8.t.  loa.  26.    (a)  ii395<».   (*)  •-449^- 

3T.  5%.  28.   31157  approx.  29.   /843333i.        SO.   ;fii97023. 

81.  ;f;iiS3S.         82.   ^9727.  88.   .^75395'-  34.   ^562. 
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Exercises  XOIZ.    P.  510- 


1.  (a)  5  hr.  25  mln. 
a.  (a)  s  hr.  27  min. 
8.  {„)  4  hr.  33  min. 

4.   (a)  4  hr.  26  min. 

4  hr.  30  min. 

e.    Mode4hr.  15  m 


AiLth.  Av. 
Median 

Mode 


Arith.  At. 

Median 

Mode 


{b)  4  hr.  30  min. 
{b)  5  hr.  S3  min. 
(*)  250  and  255  n: 


{^)  5  hr- 

{<:)  S  hr.  38  mi 


(*)  3  hr.  5a 
(f)  4  hr.  S2  min 

15 

(") 
f     I.     rf. 
1  •  '9  ■  54 


min.,3hr.  58  min.,  4  hr.  lO  mi 

S  hr.  4S  min. — 6  hi. ;  4  hr. — 4 
min.;  3  ht.  50  min.— 4  hr.  5  ni 


.  104 


3.    4-8 

3.    4.8— 10 

£  ^.  d.  £  ,.  d. 

3.4.3—3-4-5 

3,4.6-3.4-8 

3.5-6-3-5-8 


•.   {a)  6  St.  \\  Ih.  and  6  si.  2  lb. 

10.   (ot  (i)  45-63-     (ii)  46-6-47i- 
(^)  (i)  n-6S-     (ii)  22-8- 
(^)  (i)  4283.     (ii)  42-9-42-z. 
(i^  (0  29-4-       (ii)  29-6-29.8. 
(.1  (i)    7-41.     {»)    7-s- 

U.  (a)  (i)  100-109.  (>')  105.7. 
W  (i)  130-139-9.  (ii)  ii8-2. 
W  (i)  90-94-9-  (ii)    97-7- 

Kg)  (i)    95-4-  (ii)    95-4- 

(0  (i)    80.  (ii)    90- 


(0  6  St.  illh. 
(ii)  36-6-36-7. 


{h\  6  St. 

(-*)  (i)  3578- 

(rf)  (i)  28- 

{/)  (i)  12- 

(*)  (i)  3- 

(»  li)  26-42.    (ii)  25-4-26. 

(b)  (i)  120-129-9.     (ii)  129-. 

(rf)  (i)  95-99-9-      (ii)    99- 

(/)  (i)  96-  lii)    92- 

(k)  (i)  120.  (ii)  no. 
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18.   (a)  425,  iif,  3g,  3i,  J5,  3i-g;F,  3tj,  Jffjjir.  2jtr- 

(/')  3-64  irue  to  and  dec.  place.  (f)  3-3-5.  (rf)  3}. 

IS.    (i)  (a)  93^,  94,  915*0,  92U.  95IS.  looj- 

{i)  94-2.  (f)  91-5—93.  (rf}  93- 

(ii)  {a)  1884-1888,  ;£l,847,240;  1889-1893,  ^9,015,74°  1  1894-1898, 
/4,37i,4SO;  1899-1903,  j£8,353,im;  (*)  j!;6,i4i,9oo  lo  nearest 
;£^100  ;  (f)  mode  in  gtoups  of  ^1,000,000  between  ^2,000,000  and 
^3,000,000;  (rf)  ^5,780,600. 
1*-  (")  5933,  59ffff.  59Et  fegir.  6'5D,  ^^isS,  6oUr,  5955,  S3i5.  S^sw 
4455,  3810,  jSgir- 
(*)  53-9281.  (f)  60-4.  Id)  6o|:.  (^)  595. 

15.  Value  fiom  arithmetic  mean  30*12 — 30-24. 

16.  (a)  22-13.  W  aS-6— 15-8-  (O  26-0. 

17.  10,0.633  cm. 

18.  (o)  32-04—32-026.  (*)  (3700±2)xio~' cm. 
(f)  492-57-490-23. 

18.   (a)  49J.  no-.,  88-1%.        {i)  491.  iirf.,6i.6%.        (f)  27J. 3^,, 48-0 %. 


Eierciaea  C.    P.  524- 

1.  (rt)  24.    m  120. 

{c)  720.           2.    (a)  24-          (*)  2'0.        (<-)   120. 

3.  14950. 

4.   («)  /».       (^)  5S-       k)  3V 

8.    1365. 

6-    12150-                      t-  -ihz- 

Exercises  01.    P.  528. 

1.     (a)    ^7-    13^-   2^-. 

(*)  £i.  5i.  lorf. 

3 

(")  £7-  19^-  3«- 

(*)  £i.  us.  ud. 

S 

(^)  £9.  Ss.  Id. 

li)  £S.  ijs.  Id. 

4 

la)  £s.  81.  Jd 

Kb)  £s-  zr.  9^. 

S 

(")  jC'4-  "7^-  i-f- 

W  £'3-  9^- 

6 

£1.  3^.  8rf.         7- 

£,.  9^.  Sd.        8.  ^2.  sr-  7'/-        «-  £2.  lor.  2d. 

10 

.^3-  9^.  ^d. 

11.   /I.  sj.  6rf.                 12.   £3.  i&s.  sd. 

13 

m  18-93- 

(*)  18-31-                W  1771-                M  i?'". 

(e)  20-68. 

(/)  20^.1.                 (f)  19-38.                  (^)  18-66. 

14.   ia)  /631.  iw.  7rf 

{6)  jfio66.  Jt.  9rf.            (f)  ^1293.  iSi.  4,^: 

("O  jCSS'J-  3^' 

(.)  ^953.  OS.  6d. 

;dbv  Google 


Bevislon  Exercises  CII.     P-  5^9- 
MiBcellBJieauB. 
L  I.i6836,z=x3'x  5x11x37  =  146520.    2.(^)0-253037;  (ii)^o.  141.111/. 
3:   39-32.  4.   ;£47.  jj.  jorf.  approx.        6.    33  min.  past  i. 

9.    10  hr.  48  min.  7.    16-7.  8.   0-9. 


9. 

/'552- 

iw.  0^.,  ,f:i6347. 

.0. 

orf. 

10. 

2-89  miles  from  C. 

B 

1. 

3=X3'X 

7>xi 

».            3. 

453 

,. 

3. 

.2  miles  936  yd. 

4. 

2l2i  ft. 

S 

^241.  5J. 

6d. 

;C3o8.  6..  orf 

,  ^£290.  81.  6d.  approx 

6. 

£'7-  10 

J.  erf. 

7. 

1-0 

8. 

£5-  s^-  7J^- 

S. 

;£llS.  91.  9rf.  nearly. 

10. 

o=-4l-6,  ^=11-34. 

0 

1. 

4. 

496. 
^350. 

2.     1.2  sq 

5-    .1336 

yd 

^1 

i6r.  orf 

3.    3'3Z27- 
8-   4331- 

7. 

'7- 

8.    t(36  + 

14-A5). 

9. 

£'.'os 

Ha. 

pero..,8. 

10, 

44.44- 

D 

1. 

19. 

2.    417000. 

3. 

62  lb.  6-S  M. 

4. 

^17.  10 

s.  od. 

.^70.  .i'ls: 

to 

.a/. 

6. 

^3.  3^.  8rf- 

7- 

S-S6  sq. 

mile. 

B. 

'5- 

9. 

.;:  14400,  83 J- 

10. 

9- 

E  I.  (i)  SSTffi  {")  924- 

2.  ax  13x41,  3x5x11s,  2=«3x79,2>x3X5xii=x79x  13x41. 

8.  20516  cub.  ft.  171  cub.  in- 

4.  ^600  to  good,  less  ^13.  71.  &/.  bank  charges. 

6.  £jy.iis.oa.  6.    2-09787  kilo. 

7.  2  hr.  47  min.  10  nearest  min.  8,    4V3  or  6928  in. 

9.  ;£fioo+^W35o.  4250-  W.    3-646  in, 

P   1.  0-508857.  3.   703.1234455346.  4,   81097  sq.  mile. 

6.  48-64.  6.    No,  II,  3lrf.  7.    5-7596  cub,  ft,,  323-95  lb. 

8.  /1913.  9J.  9id.  9.    £2$.  14J,  od. 
10.  (I)  8  h.  9i  m.  a.m. ;   (2)  3  br,  46  m. ;   (3I  Dec.  21. 

a  1.  (i)  891-4 1   ("1  No.  2.   C  ^8531.  3!-  <«■- ;    D  ;i5687.  &,  8^, 

8.  93700739,  570-73  sq-  ft-      8.   ^2049.  31.  Jd. 
6.  22-S  yr,  approx.     7,     7,     8,     j£io.   14J.  6d. 

9.  37  it.  6  in.,  30  ft.,  12  ft. 
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HI-  iM38S9lb.         ».   a-34i86.  8.    {a)  £173155  i   W  £18-891. 

4.  £621.101.  6.   (a)48'8iii.;  {i)  10-95  in-  «■   8-31. 
7.  £2306.  Si.  od.                    9.  2-49  cm,  appros. 

I    1.  23.  2.   0-318.  8.   43,  45.  4.   ^10  increase. 

6.  2i-S%.  8.   £n.i5s-4iA  7.   381!  cub.  in.,  iif. 

5.  1:17-568.  9.  £SSSU,  £*4t,  £55sIt- 
10.  2  ac.  3  ro.  21  po.  approx. 

J    8.  ifrr-  3.   -jj,  jVVtr-  *■    3^'  »■   4*8-456  kilo, 

e.  £i333-6t.  8rf„3TV%-  7-    122-scub.  in.,24-5cub.in. 

S-  £487,  161.  SJ.  B.   38  class  A,  62  class  B  approx. 

10.  31  ac.  o  to.  33  sq.  po. 

K  1-  2-78,  2-718282.      2.    I05XIO*.  3.    II.  3^.,  i-irxio»a|ipcoi. 

4.  4-06294.  5.    (1)0-04;    (ii)  0.27.  8.    13-1  in. 

7.  £2604.  31. 4rf.       8.   61:35.  9.    10-5.         10.   60,92-5,123. 

L  a.  (a)  44!  (*)  £3aSJ.  S-Sfl-  ■  M  82-6234;  (d)  1.5241. 

8.  714  cub.  in.  4.   5a  6.   0-S4.  6.   4%. 

7.  49  %  gold,  51  %  silver.  8.   0-75  ft. 

9.  Diminished,  30:  29. 

M  1.  0-27959  approx.      2.   43-2.  8.   £i.  ifa.  gd.        4.    12. 

8.  10. 49-8;  367!  miles  per  hour. 

6.  Tax,  £12.  161.  orf.;  income,  £243.  4^-  od.  7,   76  gal. 

8.  S4  years.  9.   440  appiox.  10.    Ii  l  nearly, 

N  1.  410  ft.  2.    10182  lb.  8.  £3C,5i6^-B.         4.  461  ii 

5.  23%  nearly.  6.    1 1  miles  per  hour. 
'■  *3'3r.  25-87.  25-7,  28-54,  33-34.  ^■98-  >■  £3-  i3'-  9'^- 

0.  £3750.  10.   (i)  4-58.  0-22  !   (ii)  3.55, 

O   1.  £0.  Is.  8d.  2.   0900.  8.    102^.  4.   £195,  £3480. 

5.  923i-6cub.(t     6,    Second  expression.     7.    1030™.,  53  cm.  apptox. 

8.  26-5  per  thousand,     9.  642  approx.    10.  Loses  £l.W.  lOrf.  on  £100. 
P   1.  92  lb.        3.   84.         3.   TT'  4201819314.  4.   42  lb. 

B.  ?f*f  approx.,  i6«8.  6.   ?Z£^^  45000. 

7,    33t.  27,  22-1  days  respectively,  8.   £30oa 

9.  -jV  mile, -g  mile.  10.   087  ft.,  078  in. 
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Typical  Ezamliiati<ai  Papers.    P.  555. 

PART   I. 

Camirvfgir  Ltxal  [Preliniinaty).     I. 
L    1176009,  One  million  one  hundred  and  seventy-six  thoosand  and  nine, 
a.  £14407-  8j.  lorf.  3.  ^6*.  I2J.  ojrf.  4.  £y.  91.  ^d. 

5.  77.         a  (i)  h  (")  TU-         '■  7014-  8-  jCo-  I7J.  lai 

8.  1636  fr.  30  c  10.  £i2.  IS.  orf.  U.  £54.  12.    114  ac- 

Preliminary.     II. 

\.   494078-        2-  -£15983-  "■  f^-        !■  jC87-  &.  lijrf.        4.  £336. 

^-   (i)T'(i>)f'           B'    212.                T.    1365:  B.  afi.  Soc. 

9.  ^23.  &t.  9ct          10.  /o.  II.  ^a.,  i8-4%.  11.  ij  miles. 

Prsliminary:     III. 

1.    120005.  2.  ^7999.  191.  8rf.  8.  £365.  iw.  &£       4  321. 

B.  £435.  II.  4rf.    «.   (i)  6,  (ii)  TT'     '■   75800,  0-00758-     8-  £6-  ly.  ai 
9.    1588  sq.  yds.,  33292  sq.  ft.  10.   g  kilom.  47  m.  II.    10. 

Junior. 

A. 
1.    19.        2.    44iODOsec  3.    i,  167960.  4.  £11.  iir.  9rf. 

6.  ^73.  01.  loiif.  6.   326  ft.  4  c.  7.  £3.  171.  Id. 


1.    34-56.  8.    14- 

G.   2600  dollars. 
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Oxford  Local  \PnliminaTy).     I. 
1.  j^i03.  loi.  iiK  2.   4752.  8.   7l.  4.   0-4448. 

6.  084375.  6.   yjff.  7.  jf47.  71.  ittf.  8.  ^16.        8.   aj. 

Priliminary.     11. 

1.  jC^^st-  ifo-  8i^     s.  38-       ,  8.  all,  39?. 

4.  £\.  141.  4if.  6.   0-3015.  6.   0-0375. 

7.  i:i4.  i6j.  9K  8-  /iooo.  9.  ^146.  fa.  ojo; 

Preliminary,     III. 

1.  ^15.  71.  iK  8.  2,  7,  13.  14.  26,  91.  182.  S-  4- 

4.  i't-         6.  (M)8o3is.  6.   |§.  1.  jCH-  1".  o<i 

8.  ^17.  91.  6rf.  9.  3irf. 

Preliminary,     Hisher  Arithmetic. 
1.   0-O1S7.    8.   Costal.  121.  6£    3.   3i  years.   4.   36  maiks  11  pfennigs. 

8.  Each  son  j£  1000,  each  daughter  ^600,  each  nephew  ^200. 
e.    Increase  of;C3S-        '■  ^'i-  y-  °^- 

1.  ij.  8.   TT-  8.  £^-  IV-  4  '2Srf- 

4.   -'^=1-23611..,,   ^  =  2-236068.  8.    44  francs  8  centimes. 

6.    13  men,  7.   ^163.  11.  6d.  8.   ;^o.  i8j.  S^- 

9.  ^^400.  W-  5%  at  132- 

Cnllege  of  Preceptors,   Third  Class,     I. 
I-   (')  34138054,  (iii)  seventeen  thousand  foot  hundred  and  eighteen. 

2.  142  tons  6  cwt.  o  qr.  24  lb.        8.   6  ac.  3  ro.  37  sq.  po.  1475  sq.  yds. 
*■   /747S-  'OS-  <^-  6-  29^n.  ^TS-  8.    I. 


11.   9216. 


Professional  Prelim 


1.  384.                             2.   ^1.  191.  6rf.  4.  S3tV 

5.  0861406.                        6.    0-243  "early.  1.  17  fr.  72  C. 

8.  j£i34.it.  8rf.               9.   46  cm-  W-  59"  yds. 

11.  jfri.  13J,  4^,  j^i6.  t3t.  4(f.  12.  322. 
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ANSWERS 

Second  Clasi  er  Junior,    T. 

4.   2,,nm.34«c 
7.   4i'28,  2381003325- 
10.   0-0000035,  0-00025. 

8.   49. 

6.    (i)  696JI,  (ii)  1^. 

11.   Sunday,  8  a.in.,  540 
'Ikird  Class.     11. 

a.  9. 57 

6.    lO'ioiic 
8.    .£3-  "W 
knois. 

1.   30. 

2.   Shra.                       8 

£a-  13^-  6^ 

t   ;^4I9-  171^-  M- 

7.  A>  TOTf  ;£o-  'J'-  6ii    •■  000400437,  0.3016. 

9.   ^vxo.  10,   jfo.  13J.  4ii  11.    1815  tons. 

Second  Class  or  Junior.     II. 

1.  2873.  S.  /192.  12J.  t\d.,£itjs.  I3J.  iiji.agsa. 

3.  1848  i  I,  24,  aS,  42,  44'       *■  sfH-  6-  o.i44,  0017,  0-4585. 

8.  2  days  S  hr.  o  min.  49  sec.        7.   £,i.%!.^.  8.   £41.  ij.  911^ 
5-  (i)  srAir.  (")  ooo»86.     10,   27Ert  jfo.  91.  lorf.     U.  0075  cm. 

Third  Class.    III. 
1,    129413+59-  2-   ;£l2.  I&r.  7idl  8.    l2lons2cwt. 

4.  /62-  oj.  &/.  8.    \.        «.    7ff-  7-   A- 

5.  0^)6045,  1374.  0.   44. 

10.  A  ^5625,  /i87S,  B  j^37so,  jCi^So.  C  ^1875.  ^^625,  D  ,^3750,  ^£1250. 

11.  1296. 

Pupil  Teacher  Candidate^  ExamiHoHen  {Junior  Grade). 
1.    4Tr  %■  2.    43,  0-526  in.  3.    j^o-  IW.  loK 

4-   £2.  9s.  ■jd.  5.   £0.  2s.  Aid. 

Pufii  Teacher  Candidates'  Examination  (Senior  Grade). 
7.   9  tons  13  cwt.  2  qr-         8-   Jf-  8.   48.  10.    162  sq.  ft. 

11.   £0.  lis.  6d.  18,    ^79.  I3f-  od. 

Tecuhers'  Certificate  Preliminary  Examination,  Part  I. 
1.   3  years  38  days.       2.   96.       S,    7-35.       4.   £\.%s.  2^.,  £\.%s.  yL 

6.  /z,  8j- 9rf-  8-    25Z-        7.    1566-  8,    110885897421- 
10.   /9916.  13J.  40".            13.   ^a  lOr.  9^.        18.   3  %  per  annum, 

14.  98  lb.  7  01.;  113.        16.  (3)  toooo,  (*)  ^2395,  {c)  3,  (d)  £»^  bs.  7i<£ 
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Typical  Ezamination  Papers.    P.  571. 

PART   II. 

Civil  Service.     I. 


Civil  Service  {Higher  Arithmelic). 
■   £'i3A- y- od.         S.    iiyoapptoi.  8.25.  4.   4a%apptox. 

.   £2.  ^y.od,,£l.y.od.,£2.i^!.oli.,9■S%,^'i%.     6.   52  lb. 
.   85  gal.  approt  B.    157  min,  from  Ihe  start,  17872  ft. 

CerSificate  Examination. 
,    I,  3,  4.  4.   704  ft.  per  sec.,  SS  ft.  per  sec,  352 fl.,  440  ft. 

.    19-635  sq.  cm.  6438  sq.  dm.  6.   (3)  125,  (i)  t2.  ('^)  2999oSa 

.    1665  milei,  10  min.  past  II,  to  Dearest  minute. 


ColUgt  of  Preceptors,     isl  Class 

{Mmairatiffn). 

B.    II  ac  I  ro.                !.   ^166.  6s,  od. 

4.    9-5  chains. 

6.   £l-  tss.  zy.          6.    182  yd. 

7.    1130. 

8-  £2$.iy.^.           9.  864+268^2. 

10.    7-24  ft.  lb.  appron 

351     0 

84 
1. 

305 

205      129!    0-472095  ac. 

84 

7' 

Cambric^  LociU.    Junior  {Mensuralion). 
1.   ^27.  loi.  ad.  appTox.  3.    11  in.  approx.  S.    :8-i  sq.  ch. 

London  Chamber  of  Commerce. 
I-    2-6Scm.  2.    266|%.  8.    1751b. 

4-    (")  .i3S-3i87S,  m  £°-  yV-  5\d..  (f)  j£:48io3-  9J.  Ad. 
5,   j£'502.  loj.  oJ.         6.   5cn75°,  61-3°,  0-05°,  o-6°. 
7.    3  tons  6  cwL  108  lb.      B.   258-7  approx.      8.   ^£298.  lOit.  6d.  approx. 

Oxford  Local  {Senior). 
I.   2,3,7,11,66,77,154,231.  2,   0-21805.  >■   z^STi- 

4.  307  blocks,  48828.     B.    ^547,  171.  2u'.  6.    4.48  p.m. 
7.    14%.                          8.    2li.rcs,  i2b(te.        9,    5:13. 

Camhridse  Imo/  [Senior). 
1-   £2Z-V-od.         a.   47.  8.   ^.  4.    1213  ft.T  0.925. 

5.  141  ft.  12  centimes.     6.   £122.  js.  nd.     7.   ^148.  T-i- 3^-     >■   ^4%- 
9.   ^42.  10.   Time  5.i3jTp.m.;  Distancefrom  A2i5iniles. 
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INDEX 
PART   I 

{TAe  numiers  rija  to  pages) 


Addiiion,  4  ;  by  steps,  8 ;  of  long 
columns,  lo  ;  compnund,  56  ;  of 
length,  79;  of  metric  length  and 
decimals,  91  ;  of  fractions,  166. 

Approximations,  236. 

Approximate  or  contracted  multipli- 
cation, 2S9- 

Area,    1 16 ;    British    measures    of. 


Capacity,  measurement  of,  136; 
Lquid  measures,  138;  dry  mea- 
sures, 138:  problems  on,  139. 

Compound  addition,  ^6 :  subtrac- 
■-■—      58 !     multiplication,     61  ; 


divisi' 


'1  ^5-  . 


,  z68 ;  muUipli- 


Conlracted  divisi' 

cation,  259. 
Cubed  numbers,  26. 

Decimal  coinage,  130. 

Decimaliiation  of  money,  239 ; 
possible  errors,  243. 

Decimals,  introduction  of,  88 ; 
addition  and  subtTaclioi),  91  ; 
multiplication  and  divi^on  t^  a 
^ngle  figure,  95 ;  division  of, 
general  case,  107  :  division  of,  to 
agiven  number  of  decimal  places, 
no  1  multiplication  of,  98. 

Decimals  as  vulgar  fractions,  169; 
recurring,  171. 


division,  29;  by  factors,  31 ;  iieneral 
method,  34  ;  Italian,  35  ;  true  to 
nearest  unit,  36  ;  compound,  6;  ; 
contracted,  z6& ;  of  decimals,  by 
a  single  figure,  95 ;  of  decimals, 
general  case,  107 ;  to  a  certain 
number  of  decimal  places,  in; 
lengths,  79 ;  metric  lengths,  95 ; 
of  vulgar  fractions,  172. 


Equivalent    decimals   1 


graphic  illustrations.  165. 
Errors  in  data,  254 ;  in  decimaliiing 
money,  243. 

Factors,  37. 

Fractions,  rj?  ;  graphic  illustrations 
of,  TS9;  improper,  and  mixed 
numbers.  160 ;  addition  and  sub- 
traction of,  166  ;  equivalent,  162  1 
equivalent,  graphic  illustrations 
of,  165;  expressed  as  decimals, 
170 ;  multiplication  and  division, 
172:  one  quantity  as  a  fraction  of 
another,  161  ;  square  root  of,  27S. 

Greatest  common  measure,  iSz ; 
graphic  illustration,  186 ;  general 
method,  188. 

Interest,  27S  ;  simple,  283. 
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Len^,  addition,  subtraction,  multi- 
plicationanddivi^un,  79 ;  Brilisti 
measDres,  74;  (canlinuej),  113; 
metric,  75  j  reduction,  75 ;  the 
measuiement  of,  74. 

Metric  system,  oflength,  75;  reduc- 
tion, S5  ;  addition,  91 ;  multipli- 
cation tiy  a  single  figure,  95. 

Money,  British  systems,  jjj ;  deci- 
maluation  of,  239;  foreign,  deci- 
mal coinage,  130. 

Multiplication,  18;  byasingle digit, 
21  i  factors,  2i  ;  general  case,  2Z 
compoand,  61 ;  contracted,  259 
of  decimals,  general  case,  107 
fractions,  172 ;  lengths,  79 
metric,  95- 

Notation  and  numeration,  I. 

Practice,  244. 


Tercentages,  257. 
I'roportion,  197. 

Recurring  decimals,  171. 
Roots,  square,  273, 

Scale  drawing.  220, 

Signs,  use  of,  97. 

Simple  interest,  283. 

Squared  and  cubed  numbers,  26. 

Square  root,  273  ;  geiierttl  method, 

274 ;  of  vulgar  fractions,  27S. 
Subtraction,    12;    compound,   58; 

of  fractions,  166. 

Time,  measurement  of,  147. 

Volume,  132 ;  tables  of,  134. 

Weight,  measurement  of,  141 ; 
apothecaries',  142;  avoirdupois, 
143;  metric,  142;  troy,  142. 
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Aisles,  measurement  of,  327. 

Approximations,  in  division,  309 ; 
in  multiplication,  307 ;  in  squa.re 
root,  314,  3TO. 

Areas  of  circles,  331  ;  conical  sur- 
faces, 436;  rectilinear  liguiea,  358; 
triangles,  432 ;  spherical  surlaces, 
441. 

Averages,  505. 

Banker's  discount  and  bills  ol  ex- 
change, 436. 

Bills  of  exchange  and  Banker's  dis- 
count, 436. 

Chain,  use  of  the,  303. 
Ciicles,  areas  of,  331. 
Combinations     and     permutations, 

Compound  interest,  414  ;  compound 
interest  law  (geometrical  pro- 
gression), 4SI  ;  tables,  573. 

Cones,  areas  of,  43S ;  volumes 
of,  447. 

Cylinder.  334. 

Days,  table  o.,  572. 
Discoont  (Banker's),  436. 
Division,  approximations  in,  309 ; 
by  Ic^rittims,  398. 


n  by  l<^arilhms,  399. 


Expectation  of  life,  524. 

Foreign  bills  of  exchange,  487. 

Geometrical  precession,  421. 
Graphic  method  of  finding  square 
roots,  31 S. 

Interest,  compound,  414;  tables,  J73. 
Inverse  proportion,  342. 
Involution,  by  logarithms,  399. 


Length,  m 

tuurc™m  of,  257 

''Xt«mT 

s,       mtrodnctory. 

387; 

ation  of  li^s,  etc. 

393; 

division 

398;   evaluation 

rf  for- 

mvUae, 

402 ;     evolution. 

IQq; 

involuli 

n,    398  ;    multiplicaiion. 

398;  use  oflogarithms,  396- 

Method  0 

mean  squares,  i;io 

Mon«y  exchange,  482- 

Multiplica 

ion,   approximations   in, 

307  ;  by  logarithms,  398. 

Payments, 

equation  of,  478. 

ns  and  combination 

.5^'- 

Prism,  334 

Probabilit 

es,  521. 

Proportion 

323;     inverse, 
ion  for,  .147- 

342! 

Pyramid,  volume  of,  447. 
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Reciprocals,  table  of,  569. 
Rectilinear  ligures,  areas  of.  33S. 
Revision  exercises,  370,  459,  529. 

Screw  gauge,  297. 

Similar  figures,  338. 

Slide  rule,  407. 

Sphere,  area  of  surface  of,  441  ; 
volume  of,  4Sa 

Spherometer,  297. 

Square  root,  approximalions  In. 
314,  320;  graphic  method  of 
Ending,  318  ;  table  of,  569. 


Tables,  compound  i 
logarilfims,  570 ; 
569;   days,   571; 


Volumes  of,  cones  and  pyramids, 
447  ;  frusta.  44S  j  graphic  calcala- 
lion,  454  J  spheres,  45a 
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A 

Modern  Arithmetic 

BY 

H.  SYDNEY  JONES,  M.A. 

part  I.,  s^ralely,  li.  bd. 


SOME  PRESS  OPINIONS. 

School  WorW,—"  It  is  stated  in  the  preface  to  this  book  that  in  it  an  attempt 
has  been  made  to  provide  a  course  of  work  iu  which  the  essential  parts  of 

seems  lo  us  to  be  very  successful.  The  eipoiitory  parts  of  the  book  are  clear 
and  reasonable,  while  the  exercises  are  exceedingly  varied,  free  from  unneeessaiy 
complications,  and  yet  of  sufhcient  diflicully  to  call  forth  the  best  efforts  of  the 
average  pupil." 

Sckoolmaslsr. — "  Teachers  on  the  look-out  ta  a  suitable  book  for  Ibeir  elder 
scholars  will  do  well  to  e>:aniine  this.  It  contains  all  the  necessary  rules  from 
the  earliest  work  to  square  root  and  simple  interest,   together  with  graphic 


.  ,     We  know  no  bettd  book  of 


£ducatimai  Neva.—"Tha  is  oi 


II  for  some  time.  It  aims  ai  (and  succes?^ fully)  producing 
conception  of  units,  accuracy,  quickness,  and  reasoning  power.  .  . 
teachers  the  graphic  parts  of  the  work  are  of  the  gre.itest  value,  and  ll 
being  most  moderate  in  price,  deserves  soon  to  be  universally  used." 


LONDON;    MACMILLAN   AND   CO.,    LTD. 

Coot^lc 


A 

Modern  Arithmetic 

BY 

H.  SYDNEY  JONES,   M.A. 

Pari  II.,  separately,  21.  6d. 


SOME  PRESS  OPlNrONS. 

Sehonlmaster. — "With  (he  cunning  band  of  ibe  mastet,  Mr.  Jones  applies 
Ibe  finishing  touches.  Tbe  ordinsiy  lext-book  teaches  aritbntelic ;  this  shows 
how  practical  use  can  be  made  of  it.  From  cover  to  cover  the  book  is 
thoroughly  good,  aud  will  delight  many  a  one  who  has  a  hir  knowledge  of  the 
higher  rules  but  does  not  see  how  10  apply  it." 


Scliool  World.—-'  Part  II.  fully  mnintaius  the  high  standard  reached  in  Part 
I.  The  treatment  is  singularlj'  fresh  and  inslnictive;  ills  thoroughly  practical, 
and  at  tbe  sanie  time  inlelUgenl,  providing  an  excellent  discipline  while  avoid- 
ing the  dangers  of  too  great  abstract  loo.  .  .  .    We  very  cordially  recomroend 


SclKoI  Guardian. — "  The  volume  will  he  found  to  meet  not  only  the  require- 
ments of  the  more  conservative  f xaralning  bodies^  but  also  those  of  the  Army, 
Civil  Service,  and  other  eiamlners  keenly  alive  to  tbe  change  which  is  taking 
place  i^  mathematical  leaching." 

LONDON:    MACMILLAN   AND   CO.,    LTD. 
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